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Examining gladiolus corms for disease symptoms preparatory to making laboratory cultures.^
The gladiolus Fusarium grows well on most of the common laboratory media.
Fusarium Disease of Gladiolus:
Its Causal Agent
JUNIUS L. FORSBERG
THE Fusarium disease of gladiolus
is one of the most destructive ma'a-
dies known to aftect flower crops.
At a conference held in January, 1953, at
Lleveland, Ohio, under the auspices of the
Joint Research Committee of the North
American Gladiolus Council and the
North American Commercial Gladiolus
Growers, the concensus of those present
was that the Fusarium disease is the most
important g'adiolus disease in the United
States (Ryan 1953). The disease causes
large losses to commercial gladiolus grow-
ers in Illinois, Indiana, Michigan, Califor-
nia, eastern Wa.^hington, and all of Ore-
gon except the northern part. It causes
an estimated loss of 11/4 '^o 2 million dol-
lars per year in Florida alone. Because
the Fusarium disease is corm-borne and be-
cause many of the corms grown in Illinois
are shipped to Florida and planted there
for winter flower production, the fate of
the crop in Florida is of importance to
growers in Illinois as well as to growers
in Florida. Only one commercial gladio-
lus-growing area in the United States is
not seriously troubled with the Fusarium
disease. This is the cool region in western
Washington where, according to Gould
( 1949) , Fusarium rot is uncommon except
on recently introduced stocks.
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HISTORY OF THE DISEASE
The disease of gladiolus which is cal'ed
herein the Fusarium disease is a much mis-
understood malady which exirts in three
forms. These forms have been designated
as the vascular, the brown rot, and the
basal dry rot types, each of which has been
described as a distinct disease by various
workers. The disease was first recognized
in the early 1920's but it probably existed
prior to that time. W. A. Pryal (1909),
a California grower, published a rote in
which he described an interior corm rot
and leaf yellowing of gladiolu;., but no
proof was presented that the disease was
caused by a fungus of the genus Fusarium.
[447]
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McL'ulloch (1944) reported that in
1^23 she received from two localities in
California a large number of gladiolus
conns which, although normal in external
appearance, showed, when cut, % per cent
of the interior rottoil. The rot varied from
a slight discoloration in the basal scar to
browning of the entire core and radiating
fibrovascular strands. From these conns
was isolated a Fusariuin that proved capa-
ble of causing the disease.
McCulioch (1944) reported further
that in 1025 and 1926 she received sim-
ilar specimens from states as widely sep-
arated as North Dakota, Mississippi, and
New Jersey. The progress of the disease
seemed definitely from west to east, with
prevalence increasing each season. In 1926
and 1927, McCulloch found the disease in
shipments of conns from Holland. The
usual i Itsarin ni was isolated from all
these specimens.
According to McCulloch (1944), N.
van Poeteren "reported the vascular
disease as present in Holland as early as
1925." A dry rot of gladiolus caused by
Fusar'tum was mentioned in an Annual
Report of the Experimental and Research
Station, Cheshunt. Hertfordshire, Eng-
land (Anonymous 1927). Moore (1939)
reported a vascular Fusarium disease from
the same countrv. Bellard (1933), Dim-
ock (1941. 1945), and Nelson (1937rt,
1938fl, 1938/*, 1948) published brief ac-
counts of the vascular form of the disease.
McCulloch (1944) published an exten-
sive account of this form.
Massey (1922) published a brief note
and, later (1926), a more extensive de-
scription of a corm rot which he consid-
ered primarily a disease of stored corms,
although infections occurred in the field.
McCulloch (1944) considered "the vascu-
lar disease" entirely distinct from the conn
rot described bv Massev.
Nelson (1937/', 1948) described a Fu-
sarium disease of gladiolus which he
thought distinct from the diseases de-
scribed by Massey and McCulloch.
McClellan (1947) included as symp-
tom expressions of one disease the symp-
toms of the two diseases described by Mas-
sey and McCulloch. McClellan recog-
nized, however, that there are differences
of opinion among those who have worked
with Fusarium disease of gladiolus as to
whether the two types are distinct dis-
eases or merely forms of the same disease.
NAMES OF THE DISEASE
The use of various names in the litera-
ture to designate the forms of the Fusar-
ium disease of gladiolus has created much
confusion in the minds of readers and re-
search workers. McCulloch (1944) used
the names yellows, wilt, and core rot for
the vascular type of the disease. Massey
(1922, 1926) designated the disease de-
scribed b\ him mereh' as Fusarium rot.
Creager (1944) used the name brown
rot for the type of corm rot commonly as-
sociated with the Picardy variety. He
stated, "Fusarium brown rot is not the
same as Fusarium yellows or core rot ; they
are two distinct diseases." The symptoms
commonly found on Picardy, however,
seem to be the same as those described by
Massey (1926) on other varieties. Pic-
ardy was not introduced until 1931, 5
_\ears after Massey 's work was published.
Dimock (1945) used only the name yel-
lows and listed Picardy as one of the sus-
ceptible varieties.
Nelson (1948) used the names Fu-
sarium dry rot and brown rot for the dis-
ease originally described by Massey. He
stated that this disease "has sometimes
been confused with Fusarium yellows, an
entirely different malady. The chief re-
semblance between the diseases is that both
cause a brown, dry rot of the conn. The
best evidence of dissimilarity is demon-
strated by the high resistance of the vari-
ety Picardy to Fusarium yellows and its
equally great susceptibility to Fusarium
dry rot."
The third tvpe of disease described bv
Nelson (1937Z', 1948) was designated by
him as basal drv rot.
McClellan "(1947) stated, "At least
two diseases of gladiolus have been de-
scribed as being caused by fungi of the Fu-
sarium group. One of these is a corm rot
that is principally a storage disease ; the
other is the yellows disease that occurs in
the field. Yellows has been subdivided
further into ( 1 ) a core rot type, a type
confined to the water-conducting system
;
and (2) a basal rot type." He then fol-
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lowed with a description of the several
kinds of symptoms and considered them as
expressions of the same disease.
Alagie 5c Aliller (1948) referred to the
Fusarium corm rot and yellows disease.
In a later article the same authors (1949)
used the name Fusarium hrown rot. Alagie
(1950) used the names Fusarium yellows
and Fusarium corm rot but referred to
them as designating a single disease. He
applied the term "yellows s\mptoms" to
the leaf symptoms and vascular discolora-
ton but not to the corm rot phase of the
disease.
SYMPTOMATOLOGY
Symptoms of the Fusarium disease are
produced on foliage, corms, and roots. De-
tailed descriptions of symptoms associated
Fig. 1.—Above: lengthwise sections of gladiolus corms showing, A, how the brown rot form
of the Fusarium disease progresses from the mother corm to the daughter corm; B and C, how
the vascular form progresses from the mother corms into the core and vascular tissues of the
daughter corms. Below: sections of six older corms showing rotted cores and discolored vascular
streaks associated with the vascular form of the disease.
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with the three forms of the disease, vascu-
lar, brown rot, and basal dry rot, have
been published by AlcCulloch (1^H4),
Massey (1926), Nelson (1948), and Mc-
Clellan (1947). The symptoms common
to all three forms of the disease are a
brownish to black dry rot of the corm tis-
sues; yellowing, browning, and death of
the foiiage; and browning and destruction
of the roots.
The three forms of the disease have been
distinguished mainly by effects on the
corms. In the vascular form of the dis-
ease a sectioned corm will reveal a brown
discoloration of the core and dark-colored
vascular bundles extended laterally into
the flesh, Hg. \B and C. In an advanced
stage of the disease, the infected strands
reach the surface of the corm at the nodes,
and brown lesions develop at these points.
In the brown rot form of the disease,
tan, brown, or blackish lesions may occur
anywhere on the corm but most commonly
near the base, fig. 2. The rotted tissue is
often quite thick and may extend all the
way through the corm, fig. 2, bottom row.
X^iscular discoloration is not associated
with this form of the disease.
The basal dry rot form of the disease
differs from the brown rot form mainly in
the thickness and position of the lesions.
Basal dry rot lesions occur only on the
bases of the corms and are usually re-
stricted to the first and second internodes,
fig. 3. The lesions are visible when the
corms are dug and, under favorable curing
conditions, they do not enlarge after har-
vest. They rarely, if ever, extend deeper
than 2 to -I- millimeters into the flesh. The
diseased tissue is dark brown to black,
Fig. 2.—Picardy gladiolus corms affected with the brown rot form of the Fusarium disease.
Above: bottom views of six corms with lesions of various sizes. Below: sections of three corms
showing thickness of rotted tissues.
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hard, rough, and usually somewhat scaly
after the conns are dry. The affected area
is sunken, and there is a sharp line of de-
marcation between diseased and healthy
tissues.
While the majority of diseased corms
in any given lot usually have symptoms
characteristic of only one of the disease
forms, it is not uncommon to find corms
that have symptoms of two of the disease
forms or symptoms intermediate between
them, tig. 4. Bald (1953) stated, "In any
large collection of gladiolus varieties in-
fected with Fusarium diseases it ha:- not
been found possible to maintain on a symp-
tomological basis the division between Fu-
sarium basal rot and Fusarium yellows.
On different varieties a gradation was
found between the 2 symptom types."
ETIOLOGY
The etiology of the Fusarium disease of
gladiolus is quite typical for that of plant
diseases caused by fungi of the genus Fti-
sarium. The occurrence of the disease in
more than one form and the great varia-
bility commonly found in species of Fu-
sariutii have contributed to the confusion
regarding the cause of this disease.
Previous Accounts
A report by Massey (1922) was the
first published account of a gladiolus dis-
ease in which a fungus of the genus Fu-
sarium was established as the cause. A
more extensive description of this disease
and its causal agent was later published by
Fig. 3.—Corms of three gladiolus varieties affected with the basal dry rot form of the
Fusarium disease: top row, variety CJold Eagle; middle row, Lake Placid; bottom row, Spot-
light. The two sectioned Spotlight corms show the extreme thinness of the rotted tissue.
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the same worker (1926). Massey classi-
fied the ortianism as iusariitm oxysporum
Schlecht. emend. VVr. var. yladioH n. var.
McCulloch (1944) considered the /•';/-
sarium she found associated with the vas-
cular form of the diease to be sufficiently
distinct from iiisorhim oxysporum var.
(jlaiUoli, described by Massey, to warrant
putting it in another species. She classified
it as I'usarium orthoceras App. et Wr. var.
gladioli. In comparing the two organisms
she stated. "In culture the bulb-rot organ-
ism has. in most tests and examinations,
shown less abundant aerial growth, less
pigment, and wider macrospores than the
yellows organism. . . . The most distinctive
characteristics of these two Fusaria of
gladiolus are the effects on the host."
Other workers have been inconsistent in
their use of names for the causal agents of
the different forms of the disease. Mc-
Clellan (1945) used the name lusaritini
orthoceras App. & Wr. var. gladioli Mc-
Culloch for the vascular Fusarium of glad-
iolus. In a later article the same writer
(1947) listed F. oxysporum f. gladioli
Sny. & Hans, as the causal agent for yel-
lows and rot. He described the other
forms of the disease but did not name the
causal agents. McCIellan &: Stuart (1947)
used the name /•'. oxysporum f. gladioli
(Massey) Sny. & Hans, for the causal
agent of gladiolus "vellows, or corm rot."
McCIellan (1948)' used both names. /•'.
oxysporum var. gladioli Massey and F. or-
thoceras var. gladioli McCulloch. Nelson
(1948) listed F. orthoceras WoU. var.
gladioli McCull. as the cause of yellows,
Fig. 4.—Sectioned corms of gladiolus variety Dieppe, in upper two rows, and Golden
Arrow, in lower two rows, showing symptoms of all three forms of the Fusarium disease. The
second corm from the left in the top row shows core rot and vascular discoloration. The first
and third corms in the second row and the fourth corm in the top row show symptoms interme-
diate between basal dry rot and core rot. The first corms in the third and fourth rows have
basal dry rot. The other corms show the brown rot form of the Fusarium disease.
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F. oxysporum Schlecht. \ar. yladioli Alas-
sey as the cause of brown rot, and merely
Fusarium sp. as the cauL^e of ba^al dry rot.
Gould (1949) called F. oxysporum f.
gladioli the cause of Fusarium rot. Miller
& Alagie (1950) listed F. oxysporum f.
gladioli as the cause of Fusarium storage
rot of gladiolus corms. Magie (1950) re-
ferred to the causal agent of Fusarium yel-
lows and Fusarium corm rot as /'. oxy-
sporum f. gladioli.
Bald (1953) stated, "Typical single
spore cultures from basal rot, yellows, and
intermediate infections were submitted to
Dr. W. C. Snyder for identification. He
placed all the cultures in the species Fu-
sarium oxysporum Schl. As these Fusaria
were obtained from active lesions, and
some similar isolates were shown by inocu-
lation tests to be pathogenic on gladiolus
corms, the strains causing basal rot, yel-
lows, and intermediate symptoms on glad-
ioli in southern California have been pro-
visionally grouped under the name /•'. oxy-
sporum f. gladioli (Alasse}) Sny. and
Hans."
Difficulties in Classifying Fusaria
A review of the literature indicates that
the difficulties encountered by plant pathol-
ogists in classifying strains of the gladiolus
Fusarium have been great and are similar
to the experiences of many other workers
faced with the task of determining the re-
lationship and specific name to be applied
to a pathogenic Fusarium.
Some of the confusion is a result of the
use of two different s^'stems of nomencla-
ture and taxonomy now available for nam-
ing and classifying isolates of Fusarium.
These are the detailed system of ^\ollen-
weber & Reinking (1935) and the simpli-
fied svstem of Snvder & Hansen (1940,
1941, 1945).
In the system of Wollenweber & Rein-
king (1935), the genus Fusarium is di-
vided into 16 named sections in which a
total of 65 species, 55 varieties, and 22
forms are differentiated. This system is
based largely on recommendations made at
a conference held in Madison, Wisconsin,
in 1924 (Wollenweber et al. 1925). Ac-
cording to these recommendations, species
and varieties must be distinguished by
morphological characters only. Each spe-
cies includes groups of individuals that can
be distinguished by morphological charac-
ters which must be "of such a nature as to
be applicable and usable by mycologists in
general and which will be most serviceable
for practical purposes." Each variety is
distinguished by morphological characters
of less importance than those used for spe-
cific segregation. Groups of individuals
differing from the species and the variety
only in certain physiological characters are
separated as forms. This system failed to
meet with unqualified approval because of
difficulties that still were encountered h\
workers in attempting to classify specific
isolates of Fusarium.
The simplified system of nomenclature
and taxonomy proposed bv Snyder & Han-
sen ( 1940, 1941, 1945) was based on their
extensive investigations of the variability
shown in culture by species, varieties, and
forms of Fusarium. Section Elegans was
the first to be revised according to their
concept of species. Simplification was
achieved by emending the description of
one species, Fusarium oxysporum Schl., to
agree with the description of section Ele-
gans given by Wollenweber (1913). The
10 species, 18 varieties, and 12 forms com-
prising section Elegans of Wollenweber k
Reinking (1935) were placed in one spe-
cies, Fusarium oxysporum, on the sole
basis of morphology. Twenty-five para-
sites of the section were made forms of this
common species on the basis of pathoge-
nicity alone. Revision of the other sec-
tions followed. As a result of the complete
revision of the genus, the 16 sections, 65
species, 55 varieties, and 22 forms of Fu-
sarium of Wollenweber & Reinking were
reduced to 8 species and 34 forms. 5so va-
rieties were recognized in the system of
Snyder & Hansen.
iVIassey (1926). lAIcCulloch (1944),
and Nelson (1948) used the system of
\Vollenweber & Reinking to designate spe-
cies names for the gladiolus Fusarium.
Gould (1949), Miller c^' Magie (1950),
Magie (1950), and Bald (1953) used the
svstem of Snvder (!^ Hansen. McClellan
(1945. 1947.^ 1948) used both systems.
Wollenweber's classification was the only
one in existence at the time Massey pub-
lished the results of his in\estigations.
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Both systems were available to workers
after r940.
PURPOSE OF PRESENT
INVESTIGATION
strains could be fitted into well-defined
groups on the basis of their pathogenicity
and physiological characters.
METHODS
This study was undertaken to rectify
the confusion appearing in the literature
regarding the relationship between the
causal agent or agents of the different
forms of the Fusarium disease on gladiolus
and the symptoms produced. The main
object of the investigation was to deter-
mine if different strains of fusariu/n pro-
duced the different s\mptoms and if these
Several hundred isolates of Fusarium
were cultured by the writer from diseased
gladiolus corms in the years 1945 through
1950. Thirty-three of these isolates to-
gether with six isolates received from Ray
Nelson of Michigan State College and one
isolate from Robert O. Magie of the Uni-
versity of Florida Gulf Coast Experi-
ment Station (a total of 40 isolates)
Tuble 1.—Sources of the 40 isolates of the gladiolus Fusarium used in the infection ex-
periments and physiological studies reported in this study.
Isolate
Date of
Isolation
Dec.
Dec.
Dec.
Dec.
Dec.
Nov.
Jan.
Feb.
Jan.
Jan.
Jan.
Jan.
Jan.
Feb.
April
Nov.
April
Feb.
Dec.
Dec.
Dec.
Dec.
Dec.
Jan.
Jan.
Feb.
Feb.
Sept,
Jan.
Jan.
Jan.
Feb.
Sept
Jan.
Jan.
Jan.
Jan.
Nov
Dec.
10, 1945
10, 1945
13, 1946
14. 1946
17, 1946
1, 1946
24, 1947
5, 1947
14. 1949
19, 1949
21, 1949
21, 1949
21, 1949
15, 1950
2, 1945
4, 1949
14. 1950
5, 1945
14, 1945
14, 1945
10, 1945
14, 1945
16. 1946
21, 1947
24, 1947
5, 1947
1.3, 1947
27, 1947
14, 1949
19, 1949
19, 1949
15, 1950
1950
3, 1948
23. 1947
24, 1947
14, 1949
19, 1949
25, 1936
23, 1948
Disease
Form
Vascular
Vascular
Vascular
Vascular
Vascular
Vascular
V'ascular
Vascular
Vascular
Vascular
Vascular
Vascular
Vascular
Vascular
Vascular
Vascular
Vascular
Brown rot
Brown rot
Brown rot
Brown rot
Brown rot
Basal dry rot
Brown rot
Basal dry rot
Brown rot
Brown rot
Brown rot
Brown rot
Brown rot
Brown rot
Brown rot
Brown rot
Brown rot
Basal dry rot
Basal dry rot
Brown rot
Basal dry rot
Basal dry rot
Basal dry rot
Gladiolis
Variety
Dr. F. E. Bennett
Dr. F. E. Bennett
Phyllis McQuiston
Phyllis McQuiston
Bit o' Heaven
Unknown
Beacon
Dr. F. E. Bennett
Margaret Beaton
Lantana
Myrna
Dream of Beauty
Mother Kadel
Yellow Herald
Unknown
Corona
Unknown
Picardy
Picardy
Picardy
Dr. F. E. Bennett
Phyllis McQuiston
Aladdin
Picardy
Beacon
Corona
Picardy
Unknown
Margaret Beaton
•Abu Hassan
Wings of Song
Ohio Nonpareil
Spic and Span
Picardy
Picardy
Picardy
Valeria
Wings of Song
Souvenir
Souvenir
Locality
Wichert, III.
Wichert, 111.
Wichert, III.
Wichert, III.
Wichert, III.
Cairo, III.
Wichert, III.
Wichert, III.
Wichert, III.
Champaign, III.
Wichert, III.
Wichert, III.
Wichert, III.
Wichert, III.
East Lansing, Mich.
Oregon
California
Wichert, III.
Wichert, 111.
Wichert, III.
Wichert, 111.
Wichert, III.
Wichert, 111.
Wichert, III.
Wichert, III.
Wichert, III.
Fort Collins, Colo.
Cocoa, Fla.
Wichert, III.
Wichert, 111.
Wichert, 111.
Champaign, III.
Bradenton, Fla.
East Lansing, Mich.
Wichert, 111.
WMchert, 111. _
Wichert, III. M
Wichert, III. 1
East Lansing, Mich.
East Lansing, Mich.
•Isolated by Ray Nelson. Michigan State College, East Lansing.
Ilsolated by Robert O. Magie, University of Florida Gulf Coast Experiment Station, Bradenton.
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Table 2.—Growth of six isolates of the gladiolus Fusarium on Coons's agar at various tem-
peratures. Incubation period 160 hours.
Temperature, Degrees C.
1-3.
5....
20-22
24...
26...
27-28
30-31
32...
36...
37...
39...
40...
Mean of Diameters (Millimeters) of Two Colonies
Brown Rot Isolates
45-75
0.0
0.0^
52.0
67.0
78.0
74.0
43.5
39.5
5.5
2.5
0.0
0.0
50-22
0.0
0.0
63.0
78.0
85.0
87.0
49.0
48.0
8.5
3.5
0.0
0.0
Vascular Isolates
45-73
0.0
0.0
66.0
83.0
90.0
90.0
57.0
54.0
7.0
3.0
0.0*
0.0
50-24
0.0
0.0*
50.0
63.0
68.0
71.0
50.0
47.0
11.5
5.5
0.0
0.0
Basal Dry Rot Isolates
47-3
0.0
0.0
58.0
64.0
73.0
75.0
49.0
48.0
6.0
4.0
0.0
0.0
50-23
0.0
0.0
51.5
63.0
74.0
75.0
49.0
47.0
6.0
3.0
0.0*
0.0
"A trace of growth insufficient for measurement appeared in thefe platei.
were selected for comparison in pathoge-
nicity tests and physiological studies. Sev-
enteen of these isolates were obtained from
conns with the vascular, 16 from corms
with the brown rot, and 7 from corms
with the basal dry rot form of the disease.
They will be referred to hereafter as vas-
cular, brown rot, and basal dry rot or basal
rot isolates.
The original isolations were made on
Difco potato dextrose agar. Single-spore
isolates were obtained from spore suspen-
sions in sterile water blanks; each suspen-
sion was diluted until a desired spore con-
centration was reached, and then the di-
luted suspension was poured over the sur-
face of a thin film of 2 per cent water agar
in a Petri dish. After a few seconds the
excess suspension was poured off and the
plate was allowed to stand for 15 to 16
hours. The Petri dish was then placed on
the stage of a dissecting microscope, and
germinated spores were picked off singly
on the tip of a needle and transferred to
potato dextrose agar slants. Progenies
from these single-spore isolates were used
in the infection experiments and physio-
logical studies. The sources of all isolates
are listed in table 1.
Comparisons of isolates from the three
forms of the disease were made on the fol-
lowing bases: reactions to temperature,
reactions to aniline dyes, reactions to cop-
per salts, reactions to mercuric chloride,
color reactions on steamed rice, growth
types on Wellman's differential medium,
pH changes produced in liquid media,
spore measurements, inoculation tests in
the laboratory, and inoculation tests in the
greenhouse.
PHYSIOLOGICAL STUDIES
Physiological studies of the gladiolus
Fusarium were made by the writer in an
effort to determine if isolates from the
three forms of the disease could be distin-
guished by their physiological characters.
Influence of Temperature on
Growth Rates
Massey (1926) reported that the glad-
iolus Fusarium studied by him grew in cul-
ture at temperatures ranging from 5 de-
grees to 35 degrees C. ; the optimum was
27.5 degrees. McCulloch (1944) reported
that the Fusarium she studied grew at tem-
peratures ranging from less than 3 de-
grees to about 34-36 degrees C. ; the op-
timum temperature range was 23-26 de-
grees C.
In the present investigation, the influ-
ence of temperature on the growth rates
of the gladiolus Fusarium was studied on
two isolates grown from each disease type
on Coons's agar in Petri dishes through a
series of 12 temperatures. The inoculum
for the Petri dishes was prepared in the
following manner to obviate erratic be-
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havior traceable to size or character of in-
oculum : coarse white cotton thread was
cut in pieces about H-j inches lonjr and
autoclaved in distilled water. These pieces
were laid on an agar slant, which was then
inoculated from the isolate to be tested.
About a week after fungus growth had
overrun the cotton threads, the threads
were lifted from the culture, scraped clean
of adhering agar, and cut with sterile scis-
sors into sections, each about 2 milli-
meters long. One piece of Fusarium-'in-
fested thread was placed in the center of
each dish. Immediate'.v after inoculation
the dishes were placed in electrically con-
trolled incubators kept at temperatures
shown in table 2 and left for 160 hours.
At the end of the incubation period the
diameter.? of the colonies were measured,
table 2. Two dishes of each isolate were
used for each temperature. Relative sizes
of the colonies grown at different temper-
atures are shown in figs. 5, 6, 7, and 8.
None of the isolates grew at the 1-3 de-
gree C. temperature range, table 2, and
only brown rot isolate 45-75 and vascular
isolate 50-24 showed traces of growth at 5
degrees C Since the next higher tempera-
nmmm€(y
Fig. 5.—Six isolates of Fusarium grown on Coons's agar for 160 hours at the following tem-
peratures: 20-22, 24, 27-28 degrees C. (top row in each set of six dishes, left to right) ; 30, 32,
and 36 degrees C. (bottom row in each set, left to right). Isolates 45-73 and 50-24 are vascular
isolates, 45-75 and 50-22 are brown rot isolates, 47-3 and 50-23 are basal dry rot isolates.
September, 1955 Forsberg: Fusarium Disease of Gladiolus 457
ture range used wai 20-22 degrees C, the cular isolate 45-73 and basal dry rot iso-
minimum temperature for growth of these late 50-23 showed traces of growth at 39
isolates was not determined. The range degrees C. None of the isolates grew at
of temperatures for optimum growth of all 40 degrees C. After the test period, all
six isolates was 26-28 degrees C. All iso- Petri dishes that had been incubated at 40
lates grew at 37 degrees C, but only vas- degrees were kept at room temperature for
tn 90
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Fig. 8.—Effect of temperature on the colony size of two basal dry rot isolates of Fusarium
grown 160 hours on Coons's agar.
several days. Five of the six isolates grew
when moved to the lower temperature.
Basal dry rot isolate 47-3 apparently had
been killed by the 160-hour exposure to 40
degrees C.
In these studies the general shape of the
curves of growth responses of all isolates
to various temperatures was of the same
general pattern, figs. 6, 7, and 8. The
basal dry rot isolates agreed much more
closely in their responses to temperatures
than did the isolates from the other disease
forms. The vascular isolates showed the
greatest divergence in responses to temper-
atures. Isolates from the three disease
forms could not be distinguished by their
growth responses to various temperatures.
Reactions to Aniline Dyes
The 40 isolates of the gladiolus Fusar-
ium listed in table 1 were grown on
Coons's agar containing various concentra-
tions of the aniline d\es malachite green,
brilliant green, and crystal violet, accord-
ing to the method developed bv Coons &;
Strong (1931).
The malachite green and brilliant green
media were made from preparations of
stock agar containing 10 milliliters of 0.5
per cent dje solution per liter of Coons's
agar. For each medium, four concentra-
tions, tables 3 and 5, were prepared from
the stock agar diluted with appropriate
amounts of sterile, melted Coons's agar.
The crystal violet stock agar was pre-
pared from 100 milliliters of 0.5 per cent
dye solution added to a liter of Coons's
agar, and the four concentrations, table 4,
were made from this stock.
Inoculum was prepared in the manner
described for the temperature studies. Four
isolates were grown in each dish. The
center of each quadrant of the dish was
seeded with a 2-millimeter piece of h u-
sarium-\nie'>ted thread. The cultures were
run in duplicate and were incubated for 10
days at 25 degrees C.
Readings of the Petri dish cultures were
made in accordance with the decimal num-
bering scheme used by Coons & Strong
(1931). This scheme is as follows:
Color of mycelium
White . ' 10.
Red 20.
Breadth of mycelial mat
No growth
Very slight growth tr.
.5 cm. to 1 cm 1.
1 cm. to 2 cm 2.
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2 cm. to 3 cm. 3.
3 cm. to 4 cm. 4.
4 cm. to 5 cm 5.
Changes in medium color
No change . . .0
Halo 1
Strong decolorization .2
Color intensified in mycelium .3
Edge of colony
Even ' 00
Ramose 01
Frondose 02
Growth form of mycelium
Submerged .000
Cottony 001
Villous 002
Sericeous 003
Tufted 004
Submerged, cottony center .005
Submerged, sericeous center .006
Submerged, with cottony
fringe at edge, atoll 007
Woolly 008
In the key to the species of t usmium as
arranged by Coons & Strong (1931), /•'.
orthoceras and F. oxysporurn are recorded
as being moderately sensitive to malachite
green, i.e., growth usually 1-2 centime-
Table 3.—Reactions* of isolates of the gladiolus Fusarium to four concentrations of mala-
chite green in Coons's agar.
Isolate
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ters broad in the 1 :400,000 and 1 :200,000
concentrations. Growth on crystal violet
extended to about 1 :5,000 or 1 :4,000. At
this point in the key the two species are
separated by their reactions to brilliant
green, brilliant green not being decolorized
by F. orthoceras but being decolorized by
F. oxysporum. Also, a difference in growth
form of the two species on crystal violet is
noted, growth being submerged with seri-
ceous center for F. orthoceras and cottony
for F. oxysporum.
Diameters of the mycelial mats pro-
duced in different concentrations of dye
were used by the writer to compare abili-
ties of isolates to tolerate the dye in the
culture medium. Considerable variation
in diameters was shown by the 40 isolates
of gladiolus Fusarium, tables 3, 4, and 5.
Although of little diagnostic value, growth
forms of the various isolates were probably
the most striking characters, figs. 9 and 10.
When these isolates were taken through
Coons (Sc Strong's key, 26 keyed out to
Fusarium orthoceras var. triseptatuni.
Since no isolates decolorized brilliant
green, they did not fall into F. oxysporum.
Vascular isolates 49-4 and 49-23, brown
Table 4.—Reactions* of isolates of the gladiolus Fusarium to four concentrations of crys-
tal violet in Coons's agar.f
Isolate
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rot isolates 47-1, 50-7, and 50-22, and basal
dry rot isolate 47-8 keN'ed out to F. euoxy-
sporum. Brown rot isolates 45-74, 45-75,
46-4, and 49-19 fell into F. orthoceras
var. longius, and brown rot isolate 49-1
and basal dry rot isolate 47-2 keyed out to
F. nioniliforitie. Basal dry rot isolates
46-12 and 49-20 keyed out to F. fili-
feru/n, but according to Coons & Strong
(1931) this species decolorizes crystal vio-
let. None of the isolates of the gladiolus
Fusarium decolorized crystal violet.
Although, on the basis of their reactions
to the three aniline dyes, the majority of
the isolates of gladiolus Fusarium fell into
the F. oxysparum-F. orthoceras group, re-
actions of so many of the isolates varied
from typical reactions of this group that it
would be impossible to use the aniline dye
method of classifying Fusaria from gladi-
olus with any degree of certainty. Neither
would it be possible to separate isolates of
the three disease forms, vascular, brown
rot, and basal dry rot, on the basis of their
reactions to aniline dyes.
The results of this phase of the investi-
gation agree with the results of Moore &
Chupp (1952), who found that certain
Table 5.—Reactions* of isolates of the gladiolus Fusarium to four concentrations of bril-
liant green in Coons's agar.f
Isolate
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Fig. 9.
—
Isolates of Fnsarium grown 10 days on Coons's agar containing three concentra-
tions of brilliant green: left to right 1:200,000, 1:100,000, 1:50,000. Vascular isolates 45-73, 45-80,
46-3, 46-5, 46-9, 46-14, 47-6, and 47-10 are in the two top rows of dishes; brown rot isolates
47-12, 47-19, 47-32, 49-1, 49-17, 49-19, 50-7, and 50-22 are in the two lower rows. Isolates in the
dishes at right and left are in the same relative positions as those in the center dishes. Other
isolates in this series are shown in fig. 10.
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Fig. 10.—Isolates of Fusarium grown 10 days on Coons's agar containing the same concen-
trations of brilliant green as those shown in fig. 9: top row, four brown rot isolates; second
row, brown rot isolates 46-4 and 47-1 and basal dry rot isolates 46-12 and 47-8 ; third row,
basal dry rot isolates 47-2, 47-3, and 49-20 and brown rot i-olate 49-8 ; bottom row, basal dry
rot isolates 50-23 and 50-26, brown rot isolate 50-25, and vascular isolate 50-28. Isolates in the
dishes at right and left are in the same relative positions as those in the center dishes.
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isolates of Fttsaritim causing wilts of to-
mato, cabbage, and muskmelon did not re-
act toward malachite green and crystal
violet in the way described by Coons &
Strong (1931) for those species.
Reactions to Copper Salts
Coons & Strong (1931) used copper
sulfate in the culture medium in some pre-
liminary tests and expressed the opinion
that this salt might be useful in identifying
some species of Fusarium. Nelson, Coons,
& Cochran (1937) reported that two
forms of Fusarium which cause two forms
of the yellows disease of celery could be
differentiated if isolates of them were
grown on synthetic agar containing either
copper sulfate or copper chloride.
The 40 isolates of gladiolus Fusarium
used in the investigation reported here
were grown on Coons's agar to which
amounts of copper sulfate were added to
make a series of concentrations that ranged
from 1/100 molar (M/lOO) to 1/7000
molar, table 6. The strongest concentra-
tion, M/lOO, was prepared from 2.5
grams of copper sulfate (1 mole = 249.6
Table 6.—Reactions* of isolates of the gladiolus Fusarium to seven different molar (M)
concentrations of copper sulfate in Coons's agar.f
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Fig. 11.—Isolates of Fusarium grown 10 days in plates of Coons's agar containing (upper
rows, left to right: .U/900, 37/700, M/500, (lower rows, left to right) A//300, and M/lOO, cop-
per sulfate. In each plate, clockwise from upper left, isolates are as follows: A, brown rot
45-74, 45-8, 45-78, 45-75; B, vascular 49-15, 49-4, 49-30, 49-23; C, vascular 50-6, 49-31 50-27
50-24; D, vascular 45-80, 45-73, 46-5. 46-3.
IfiN ..^^ ..^m -^
mm
.-; y VJ? 'K_y
As for fig. 11, except A, brown rot 47-19, 47-12, 49-1, 47-32; B, basal dry rot 46-12,
K basal dry rot 4- " ' .- . ^
49-8; D, brown rot 49-19, 49-17, 50-22, 50-7.
brown rot 46-4, 47-8, brown rot 47-1 ; C, basal dry rot 47-3, 47-2, 49-20, brown rot00. n 1 _„^ in in in i -! en tt rn -7
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t^rams) dissolved in a liter of Coons's a^ar.
The other concentrations were prepared
from this stock diluted with Coons's ajjar.
All dilutions were made immediately after
the a<:ar had been autoclaved. and the
Petri dishes were poured immediately
after the dilutions had been made. This
procedure was necessary because it was
found that Coons's ajjar containing copper
salts, if remelted after being allowed to
solidify, would not resolidify. Inoculum
was prepared and the Petri dishes were
inoculated in the same manner as that
described for the aniline dve tests.
The reactions of the 40 isolates of glad-
iolus Ftisarium to copper sulfate are very
interesting because they show extreme va-
riability in tolerance to the salt, figs. 1
1
and 12. One isolate, 45-74, produced
measurable growth in the iW 100 concen-
tration. Seven isolates produced only
traces of growth in the M/5G00 concen-
tration and two isolates produced measur-
able growth in only the 71//7000 con-
centration, table 6. Although the reactions
of the various isolate.^ to copper sulfate
failed to distinguish between isolates of
Fitsarium from the three disease forms,
Table 7.—Reactions* of isolates of the gladiolus Ftisarium to four different molar {M)
concentrations of copper chloride in Coons's agar.f
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the brown rot isolates were, in general, less
sensitive to copper sulfate than were the
vascular and basal dry rot isolates.
Copper chloride was used in a way sim-
ilar to that in which copper sulfate was
used. The J//100 concentration was pre-
pared from 1.7 grams of copper chloride
dissolved in a liter of Coons's agar and the
other concentrations were prepared from
this stock diluted with Coons's agar. Only
four concentrations, M/lOO, J// 300,
A//500, and M 1000, were used, table 7.
Further dilutions of copper chloride were
not used because the reactions of the iso-
lates of Fusariuiii appeared to be follow-
ing the same pattern with copper chloride
as they did with copper sulfate.
Reactions to Mercuric Chloride
The preplanting treatment of gladiolus
corms in a solution of mercuric chloride
has been one of the methods used by grow-
ers to control the Fusarium disease. Be-
cause seemingly erratic results have some-
times been obtained from chemical treat-
ment of corms, it was decided to test the
40 isolates of gladiolus I usariuni for sen-
Table 8.—Reactions* of isolates of the gladiolus Fusarium to six concentrations of mer-
curic chloride in Coons's agar.f
Isolate
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siti'vity to various concentrations of mer-
curic chloride in the culture medium.
A jjradcd series of concentrations of
mercuric chloride of 1 : 1.000 to 1 :25,000
was prepared in a manner similar to that
used in the tests with copper salts. Results
of the test are shown in table 8. Because
none of the i^-olates grew in concentrations
of 1 rl.OOO to 1 :10,000, only the dilutions
of 1 : 10.000 and above are shown in table 8.
As in the tests with aniline dyes and
copper salts, the isolates varied considera-
bly in their sensitivity to mercuric chlo-
ride. One noticeable difference between
the reactions to mercuric chloride and the
reactions to the other growth-inhibitinjr
substances was observed. In the various
concentrations of aniline dyes and copper
salts, size of the colonies of lusarium in-
creased as the dilution became greater. Al-
though this reaction occurred to some ex-
tent with mercuric chloride, it was not so
pronounced. In most cases, if growth oc-
curred at all it was very vigorous and cov-
ered the maximum space available in the
Petri dish. In tables 3, 4, 5, 6, 7, and 8,
w^hite mycelium and maximum growth are
designated by 15, as derived from the
Table 9.—Color reactions of isolates of the gladiolus Fusarium on steamed rice. Colors
are from the manual of Ridgway (1912).
Isolate
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Coons <Sc Strong (1931) scheme shown on
pages 458 and 459.
With the exception of isolates 50-26,
49-8, and 50-24, the isolates that were
the most sensitive to the copper salts were
also the most sensitive to mercuric chlo-
ride. Isolates from the three disease forms
could not be separated on the basis of their
reactions to mercuric chloride.
Although the isolates used in this study
varied considerably in their sensitivity to
mercuric chloride, as well as to other
chemicals, more intensive work would have
to be done before a conclusion could be
reached that differences in sensitivity are
responsible for differences in disease con-
trol obtained in tests involving chemical
treatment of corms. However, sensitivity
differences possibly could be factors con-
tributing to control differences.
Color Reactions on Steamed Rice
Steamed rice was recommended by Wol-
lenweber et al. (1925) as being especially
useful in identification of groups of Fu-
sarium because of the distinctive colors
produced by cultures grown on it. Nelson,
Coons, & Cochran (1937) reported that
isolates from two forms of Fusarium yel-
lows of celery fell into two groups when
grown on steamed rice ; in all instances the
cultures which formed color on rice pro-
duced only form I of Fusarium yellows,
while the cultures that were colorless pro-
duced only form II.
In the present study on the gladiolus
Fusarium, 2 grams of rice and 6 milli-
liters of distilled water were placed in
each of 80 test tubes. The tubes were
plugged with cotton and steamed 1 hour
on each of 3 successive days. Then a small
amount of an agar slant culture was trans-
ferred to each tube of steamed rice. Two
tubes of rice were used for each isolate.
The test was run twice. In one trial the
inoculated tubes were kept in the dark in
an incubator held at 25 degrees C. In the
other trial the tubes, in wire baskets, were
placed on a cabinet shelf so that they were
exposed to diffused light during the day.
Colors produced in the rice substratum
were, after 3 weeks and again after 1
1
weeks, compared with plates in the color
manual of Ridgway (1912). The colors
produced in the two trials were almost
identical.
As shown in table 9, the 40 isolates of
gladiolus Fusarium varied a great deal in
the colors they produced on steamed rice.
As will be described more fully in a section
on pH studies, isolates of Fusarium caused
progressive pH changes to occur in the cul-
ture medium. In the first 3 weeks, when
the cultures were acid in reaction, the col-
ors in most cases were forms of pink or
red, although one isolate remained white
and several others were shades of violet or
purple. In the last 6 or 7 weeks, when the
cultures were alkaline in reaction, the col-
ors changed to blues, violets, or purples,
in many of which olives and browns ap-
peared. There was no relation between
the disease form from which the isolates
were obtained and the colors the isolates
produced on rice.
VARIATIONS IN CULTURE
TYPES AND PATHOGENICITY
Variability in culture types and in path-
ogenicity within a given species of Fu-
sarium seems to be of almost universal oc-
currence. The only exception found in a
search through the literature was in the
report by Blank (1934) that different
strains of the cabbage yellows organism
were uniform in their cultural behavior
and pathogenicity.
The relation between growth types of
cultures of Fusarium on laboratory media
and differences in pathogenicity has been
studied by many workers. Ullstrup ( 1935)
reported that with the Fusarium stage of
Gibberella saubinetii (Mont.) Sacc. rapid
mycelial growth and abundant aerial my-
celium are directly correlated with a high
degree of pathogenicity in the majority of
cases. Earlier, Brown (1928), working
with certain fruit-rotting species of Fu-
sarium, had pointed out that the mycelial
type of culture is the most pathogenic. He
stated that this type of growth is the form
generally obtained in first isolations from
diseased tissues. Harvey (1929) reported
that high virulence in various strains of
Fusarium fructigenum Fries was corre-
lated with vigorous mycelial growth. Arm-
strong, MacLachlan,& Weindling (1940)
reported that in the cotton-wilt organism,
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Fusarium vasinft'ctum Atk.. cultures that
exhibited abundant aerial mycelium and
grew rapidly were in the hij^hly path-
oj^enic jrroup, but that variation from this
cultural type may or may not be paralleled
by decrease in pathogenicity. Wellman (Sc
lilaisdell (1*^41 ). in a study of pathogenic
and cultural variation among single-spore
isolates from strains of the tomato-wilt / u-
sariuni. reported that the raised form is
the most highly pathogenic, the appressed
is mildest, and intermediate cultural types
are intermediate in pathogenicity. In a
later study. Wellman (1942) reported
that these pathogenically and culturally
variable strains of the tomato-wilt Fu-
sarium also could be distinguished by dif-
ferences in pH relations.
Many studies have been made on
changes occurring in laboratory cultures
of Fusarium. Burkholder (iQ25) re-
ported that an isolate of Fusarium martii
phaseoli Burkh. lost some of its virulence
during its 5 years in culture. He noted
changes in morphology and physiology,
also. When first isolated, the pathogen
produced on most media a blue-green slimy
growth. At the end of 6 years the growth
was white and fluffv. Armstrong, Mac-
Lachlan, & Weindling (1940) reported
that variations of the cotton-wilt Fusarium
were chiefly in two directions: decrease in
abundance of aerial mycelium and de-
creat^e in the rate of radial growth. No
changes occurred in the opposite direction.
Isolates that had long been retained in cul-
ture were weakly pathogenic. Their cul-
tural characteristics indicated that they
were variants which had arisen in culture.
These same authors reported that a cul-
tural variant may or may not be less path-
ogenic than the isolate from which it has
arisen.
McCuUoch (1944) noted that varia-
tions and changes in pathogenicity oc-
curred in isolates of the organism she
called Fusarium orthoceras App. et Wr.
var. gladioli. She observed that patho-
genicity of this vascular Fusarium was re-
duced by long periods of culture in arti-
ficial media but she kept no extensive rec-
ords of the changes. She also found that
the isolates varied in their ability to infect
different gladiolus varieties. Although she
observed that some isolates produced dense
aerial mycelium and others were of the
appressed t> pe, she made no attempt to as-
sociate these characters with differences in
pathogenicity.
Several investigators have reported
cases of physiologic specialization in cer-
tain species of Fusarium. Broadfoot
(1926) reported that at least nine physio-
logic forms of /•'. ///// Bolley can be distin-
guished by their parasitism on four varie-
ties of flax. Armstrong & Armstrong
(1950) wrote that there are definitely two
Table 10.—Growth forms of isolates of the
jjladiolus Fusarium when originally cultured
on potato dextrose agar and when grown on
Wellman's agar, August, 1953.
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and probably more biological races of F.
oxysporum f. tracheiphilum Sny. & Hans,
on the basis of pathogenicity on varieties
of soybeans and cowpeas.
Studies on the relation of culture types
and pathogenicity of the 40 isolates of
gladiolus Fusariutii listed in table 1 were
undertaken by the writer with the hope of
finding a possible relation between colony
type, disease form, and degree of virulence.
Methods of determining virulence are de-
scribed under "Pathogenicity Tests."
Culture Types of the Gladiolus
Fusariuw.—Original isolations from dis-
eased gladiolus corms were made on po-
tato dextrose agar. Growth forms of the
original cultures were not recorded for all
isolates. However, 23 of the isolates
were classified as belonging to the raised,
intermediate, or appressed types on the
basis of their aerial mycelium, table 10.
Later, all isolates were grown on the me-
dium found by Wellman (1942) to give
more distinctive reactions between cul-
tural variants. This medium, referred to
as Wellman's agar in the present investiga-
tion, has the following composition: pro-
teose peptone 5.0 grams, dihydrogen pc
tassium phosphate 0.5 gram, magnesium
sulfate 0.5 gram, maltose 15.0 grams, fer-
rous sulfate 0.03 gram, agar 12.0 grams,
water 1,000.0 milliliters.
49-31
Fig. 13.—Raised, appressed, and intermediate growth forms of vascular isolates of Fusarium
grown on Wellman's agar. The extreme raised and extreme appressed forms are shown in cul-
tures 45-73 and 49-15, respectively. Cultures are 20 days old.
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Growth forms, based on the classi-
tication of WeUman 5: Blaisdell (1941),
of the 40 isolates of the gladiolus Fu-
sarium as these isolates appeared in Au-
gust, 1953, are given in table 10. When
cultures of like form were grouped to-
gether. 11 were classified as raised, 17 as
intermediate-raised, 6 as intermediate-ap-
pressed, and 6 as appressed. Photographs
of 36 of the cultures are shown in figs. 13
and 14.
Table 10 shows that by 1953 some of
the cultures were no longer of the same
type as the original isolations. When these
Fig. 14.—Raised, appressed, and intermediate growth forms of brown rot and basal dry rot
isolates of Fusarium grown on Wellman's agar. Cultures 45-8 through 50-22 in the upper four
rows are brown rot isolates; cultures 46-12 through 50-26 in the two bottom rows are basal dry
rot isolates. Cultures are 20 days old.
September, 1955 FORSBERC: FUSARIUM DiSEASE OF GlADIOLUS 473
Table 11.—Changes in growth form of iso-
lates of the gladiolus Fusarium after being
grown for various periods of time on labora-
tory media.
Direction of Change
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Table 12.—Readings in pH of Tochinai liquid inoculated with different isolates of the
gladiolus Fusariiim; orijjinal pH 6.21.
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The pH curves for these two isolates are reached the alkaline range ahead of iso-
quite similar. Isolate 45-73 remained in late 46-3. After 30 days, the pH curves of
the low acid range a little longer but these two isolates were nearly identical.
pH
9.01—
8.0
6.0
4.0
-
-
-4
/^
^^^ A'^lsolate 49-23
9.0 -
8.0
6.0
4.0
10
solate 50-28
solate 50-24>
B
20 30 40
TIME IN DAYS
50 60
Fig. 15.—Progressive changes in pH produced in Tochinai liquid by four vascular isolates
of Fusarium.
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In Hj:. \7B, brown rot isolates 50-7 50-22 was intermediate-raised. Isolate
and 50-22 are compared. Isolate 50-7 50-22 was the more virulent in laboratory
was of the intermediate-appressed type ; and greenhouse tests. The pH curves for
PH
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these two isolates are similar except for a Two sets of basal dry rot isolates are
divergence that occurred between the compared in fig. 18. In fig. 18.:/. isolate
twelfth and thirty-fourth days. 47-2 was of the intermediate-raised type
PH
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and 47-3 was raised. Isolate 47-3 was the the laboratory. Isolate 47-2 produced the
more virulent in jjreenhouse tests ; 47-2 greater amount of acid during early
was slightlv more virulent than 47-3 in growth and its pH readings remained
pH
9.0
8.0
6.0
5.0
4.0
/"^Isolate 47-2
^, -^t-z.::.:^^,^
9,0
6.0
4.0
10 20 30
TIME IN DAYS
40 50 60
Fig. 18.—Progressive changes in pH produced in Tochinai liquid by four basal dry rot
isolates of Fusarium.
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lower than those for isolate 47-3 until the
thirty-fourth day.
In fig. 185, isolate 46-12 was inter-
mediate-raised, and isolate 47-8 was in-
termediate-appressed. Isolate 46-12 was
more virulent in laboratory tests. In this
case the pH readings for the more virulent
isolate were lower than those for the
milder isolate from the beginning until the
fifty-eighth day.
In these experiments no consistent rela-
tions between culture types, pH changes,
or degrees of virulence were observed. In
this respect, the gladiolus Fusarium ap-
pears to differ from the tomato Fusarium.
MORPHOLOGY
A complete morphological study of all
the isolates from the vascular, brown rot,
and basal dry rot forms of the gladiolus
Fusarium disease was not attempted. Some
of the isolates produced the typically 2- to
5-septate macrospores rather consistently,
but many isolates produced only the single-
celled type. In some isolates, septate spores
were very abundant in the original cul-
tures from diseased gladiolus corms, but,
after one or two transfers, only single-
celled spores could be found. Spores seemed
to be produced more abundantly on Well-
Table 13.—Measurements of conidia produced by six isolates of the gladiolus Fusarium
on Wellman's agar.
Disease Form
Vascular
Vascular
Brown rot
Brown rot
Basal dry rot
Basal dry rot
Isolate and Type
OF Conidia
Isolate 49-15
0-septate
1-septate
2-septate
3-septate
4-septate
5-septate
Isolate 50-27
0-septate
1-septate
2-septate
3-septate
4-septate
5-septate
Isolate 45-74
0-septate
1-septate
2-septate
3-septate
4-septate
5-septate
Isolate 50-25
0-septate
1-septate
2-septate
3-septate
4-septate
5-septate
Isolate 49-20
0-septate
1-septate
2-septate
3-septate
4-septate
5-septate
Isolate 50-26
0-septate
1-septate
2-septate
3-septate
4-septate
5-septate
Mean, Microns
9.2
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man's agar than on potato dextrose agar.
From several isolates which produced
septate macrospores rather abundantly on
Wellman's agar, two isolates from each
disease form were selected for spore meas-
urements. The only purpose of making
spore measurements was to find out if iso-
lates from the different disease forms
Fig. 19.—Corms of 14 gladiolus varieties, each corm inoculated with four isolates of
Fusariiim. The locations of the inoculations on each corm are as follows: top, isolate 49-8;
right, 50-27; bottom, 50-22; left, 49-17. Photograph was taken 34 days after inoculation.
4
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might be distinguished by differences in
spore sizes. As pointed out by Harter
(1939), several factors influence the size
of Fusarium spores produced in laboratory
culture. It is often diflficult, if not impos-
sible, by any means of manipulation of the
culture to obtain a morphological agree-
ment with the description of a given spe-
cies. It seemed reasonable to assume, how-
ever, that a fair comparison could be made
of spores from cultures which had been
kept under the same conditions.
Six isolates were selected for use in
making spore measurements and were
grown on Wellman's agar in Petri dishes
for 14 days in a location where the dishes
were exposed to diffused light during day-
light hours. All measurements were made
within 2 or 3 days after the cultures were
14 days old. Cultures from which meas-
urements could not be made immediately
were placed in a refrigerator at 3-5 de-
grees C. until measurements could be
made. The spores to be measured were
mounted on 2 per cent plain agar on a
microscope slide. Thirty spores of each
septation type were measured from each
culture in which this number of spores was
available. The 4- and 5-septate types were
so rare in most of the cultures that it was
impossible to find 30 spores for measure-
ment.
Mean measurements and ranges of
measurements of spores from the six se-
lected isolates are shown in table 13. The
differences in spore sizes are not great
enough to place the isolates in distinct
groups on the basis of spore size.
PATHOGENICITY TESTS
In this investigation, the pathogenicity
of the isolates of Fusarium was tested both
in the laboratory and in the greenhouse.
All 40 isolates were tested in the labora-
tory ; 27 of them were tested in the green-
house.
Laboratory Tests
Large mature gladiolus conns, free
from blemishes, were selected for the lab-
oratory inoculation tests. After the husks
had been removed, the corms were washed
well with water and then left on a table
until dry. Four small wounds, approxi-
mately equal distances apart, were made
on the basal area of each corm with a
three-sixteenths-inch metal drill bit turned
rapidly with thumb and index finger. Uni-
form disks of inoculum were cut from agar
plate cultures with a sterile metal tube
three-sixteenths inch in diameter. One disk
of inoculum was pressed gently into each
wound. Each corm was inoculated with
four isolates ; each isolate was used on four
corms in each of the various tests.
Inoculations were identified by paper
tags pinned near the points of inocula-
tion, fig. 19. Immediately after they had
been inoculated, the corms were placed in
moist chambers and left for 48 hours.
They were then removed and placed on a
table in the laboratory. The corms were
examined frequently, and at the end of 4
to 6 weeks final disease readings were
made.
These inoculations resulted in the de-
velopment of three general types of le-
sions: severe, in which the rot progressed
steadily from the point of inoculation un-
til most of the corm was rotted, shown in
the Bit o' Heaven corm in fig. 19; mild,
in which the rot progressed very slowly
and only a narrow brown band appeared
around the point of inoculation, shown in
the Acca Laurentia corm in fig. 19; healed,
in which no rot developed and the inocu-
lation wound corked over, shown in the
Annamae corm in fig. 19.
A basis on which to compare virulence
of the isolates of Fusarium, as well as to
compare susceptibilities of gladiolus vari-
eties, was derived from a modification of
McKinney's (1923) formula for disease
evaluation. Class values of 0, 1, and 2,
respectively, were assigned to the healed,
mild, and severe types of lesions. Indexes
of rot severity were calculated by use of
the following formula
:
p . . A N,0 + Nol + N32 ^ ,__Rot severity index = r X 100
where Ni, No, N3 = number of corms in disease
classes 1, 2, and 3, respec-
tively
0, 1, 2 = values assigned to disease
classes 1, 2, and 3 respec-
tively
t = total number of corms used
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Table 14.—Severity indexes for the rots produced by four isolates of Fusariutn on 68
jjladiolus varieties in 1951. The indexes were derived from the formula on page 481.
Variety
Isolate
Abu Hassan
.'^cca Laurentia
.Aladdin
.'Vlgonquin
.Annamae
Badger Beauty
Beacon
Big Top
Bingo
Bit o' Heaven
Black Opal
Blue Beauty
Buckeye Bronze
Burma
Colonial Maid
Convoy
Corona
Crinkle Cream
Dieppe
Dr. F. E. Bennett
Dr. Whiteley
Dusty Miller
Early Rose
Elizabeth the Queen. . .
.
Ethel Cave Cole
Fair Angel
Genghis Khan
Gloaming
Gold Eagle
Golden Dream
High Finance
Johan van Konynenburg
King Lear
King William
Lady Jane
Lantana
Larime
Leading Lady
Legend
Majuba
Malta
Margaret Beaton
Marguerite
Minuet
Miss Bloomington
Mother Kadel
Mrs. Lulu Hunt
New Europe
Ogarita
Ohio Nonpareil
Oklahoma
Oregon Gold
Pandora
Phyllis McQuiston
Prairie Gold
Purple Supreme
Red Charm
Rewi Fallu
Rosa \' an Lima
Rose Ruffles
49-8
100.0
37.5
75.0
50.0
25.0
100.0
62.5
75.0
75.0
62.5
87.5
62.5
37.5
50.0
37.5
75.0
100.0
87.5
50.0
100
50.0
100.0
25.0
75.0
50.0
50.0
100.0
62.5
50.0
100.0
62.5
100.0
75.0
50.0
12.5
50.0
50.0
50.0
50.0
50.0
62.5
50.0
62.5
62.5
50.0
50.0
50.0
100.0
50.0
50.0
50.0
75.0
75.0
50.0
50.0
100.0
75.0
75.0
25.0
62.5
49-17
100.0
50.0
100.0
100.0
25.0
100.0
87.5
100.0
100.0
100.0
75.0
50.0
75.0
12.5
75.0
75.0
100.0
100.0
100.0
100.0
50.0
62.5
50
100.0
75.0
75.0
100.0
100.0
37.5
100.0
100.0
100.0
100.0
100.0
75
100.0
100.0
100.0
75.0
62.5
100.0
50.0
75.0
37.5
50.0
100.0
50.0
100.0
75.0
87.5
75.0
75.0
100.0
50.0
100.0
100.0
100.0
100.0
75.0
75.0
50-22
100.0
50.0
100.0
100.0
25.0
100.0
100.0
100.0
100
100.0
100.0
87.5
87.5
50.0
100.0
87.5
100.0
100.0
100
100.0
62.5
100.0
75.0
100
100.0
87.5
100.0
100
62,5
100.0
100.0
100,0
100.0
100.0
87.5
100.0
100.0
100.0
87.5
100
100,0
50,0
100
100
50
100
50.0
100.0
87.5
100.0
87.5
100
100.0
50.0
100.0
100,0
100,0
100,0
62.5
100.0
50-27
100.0
25.0
87.5
100
37.5
100.0
100.0
100.0
100
100.
100.0
62.5
87.5
50.0
100.0
62.5
100.0
100.0
100.0
100.0
50.0
100.0
37.5
100,0
87.5
50.0
100.0
100.0
62.5
100.0
100.0
100.0
100.0
100.0
87.5
100.0
100.0
87.5
50.0
50.0
100
50
100
100.0
50.0
100.0
50.0
100.0
87.5
87.5
75.0
87.5
100.0
50.0
100
100,0
100.0
100
37.5
87.5
84.4
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In l')51, tour isolates were tested for
ability to produce rot on conns of 68 va-
rieties. Results are shown in table 14. Iso-
late 50-27 was a vascular isolate; the
others were brown rot isolates. All tour
isolates caused rot on all varieties used in
this test, but the severity of rot varied with
isolates as well as with varieties. The av-
erage inde-\e> in table 14 can be consid-
ered indicative of the relative susceptibil-
ity of the different varieties to Fusarium
rot. Since the test was conducted under
conditions that favored development of
rot, varieties with an averajje index of
to 50 can be considered resistant and va-
rieties with an index jjreater than 50 can
be considered susceptible.
In 1952, all 40 isolates were tested on
seven gladiolus varieties. The indexes of
rot severity obtained in this test are shown
in table 15. The isolates varied greatly in
their ability to produce rot on corms of
different varieties. Seven of the isolates
failed to produce rot on any of the seven
varieties tested. Only ba.-^al dry rot iso-
lates 47-2 and 47-3 produced rot on all
seven varieties. The average rot severity
index for the 7 basal dry rot isolates
was 26.5, for the 16 brown rot isolates it
was 17.8, and for the 17 vascular isolates
it was 6.7. Apparently vascular isolates
are less capable of causing conn rot than
are the brown rot and basal dry rot iso-
lates. These results are in general agree-
ment with those of McCulloch (1944),
who found that the vascular isolates with
which she worked caused only mild rot on
conns inoculated in the laboratory, while
isolates from corms having the disease type
described by Massey (1926) caused severe
rot.
In this test the average severity in-
dex for rot on the variety Picardy was
59.4 while on Maid of Orleans and Rosa
Van Lima it was only 2.5. The differ-
ence in susceptibility indicated by these
figures agrees well with what is observed
in commercial stocks of these varieties. Fu-
sarium rot is very rare in stocks of Maid
of Orleans and Rosa Van Lima but it is
extremely common in stocks of Picardy.
Six of the varieties used in the 1951
Table 16.—Severity indexes for the rots produced in 2 successive years by four isolates
of Fusarium on six gladiolus varieties.*
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test were used also in the 1952 test. The
severity indexes for the rots caused by the
same four isolates on corms of these vari-
eties in the 2 years are shown in table 16.
In 17 cases the rot indexes were lower in
1952 than they had been in 1951, in 5
cases they remained the same, and in 2
cases only they were higher.
A third test was made in 1953 when all
40 isolates were used on the varieties Pic-
ardy and Spirit of St. Louis. The results
obtained with these varieties in 1952 and
1953 are shown in table 17. In the tests
on Picardy the rot indexes in 27 isolates
were lower in 1953 than in 1952, in 4
tliey were higher, and in 9 they remained
the same. With Spirit of St. Louis the
rot indexes in 5 isolates were lower in
1953 than in 1952, in 7 they were higher,
and in 28 they remained the same. The
indexes remaining unchanged included 7
instances in Picardy and 25 in Spirit of
St. Louis in which no rot was produced
in either year.
Although no attempt was made to
maintain the same conditions for all tests,
it is not likely that laboratory conditions
varied greatly during the three tests. Dif-
ferences in corm lots used in different
years may have been partly responsible for
Table 17.—Severity indexes for the rots produced in 2 or 3 successive years by 40 isolates
of Fusarium on two gladiolus varieties. Indexes were derived from the formula on page 481.
Isolate
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Table 18.—Results of greenhouse tests on f^.ladiolus variety Picardy inoculated with
Fusarium, 1948.
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The new conns were dug July 24 ; they at 5 degrees C. and left until November
were cleaned and examined August 13. or December, when isolations from the af-
They were then placed in a refrigerator fected corms were attempted.
Fig. 20.— Differences in reaction of, left to right in each picture, gladiolus varieties Dr. F.
E. Bennett, Margaret Fulton, Picardv, and Variation to basal dry rot isolate 49-20 and vascular
isolates 49-4 and 50-6 of Fusarium. 'Photographs were taken 52 days after planting date.
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Results obtained in these tests are shown conclusive, because disease symptoms de-
in tables IQ, 20, 21, and 22. In the cases veloped in some corms of the checks, fu-
of the Dr. F. E. Bennett and Picardy va- sarin/n was isolated from two corms of the
rieties, the results cannot be considered Dr. F. E. Bennett checks. This finding
Fig. 21.— Ditlereiices in reaction of, left to right in each picture, gladiolus varieties Dr.
F. E. Bennett, Margaret Fulton, Picardy, and Variation to four brown rot isolates of Fusarium.
Photographs were taken 52 days after planting date.
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indicated that the planting stock carried
some Fusarium ; so all of the symptoms
that developed in the new conns probably
did not result from the inoculations.
In the variety Picardy, five of the check
plants died before reaching maturity and
seven new corms had vascular discolora-
tion. Fusarium was not isolated from any
of these new corms. Curvularia sp. was
isolated from four of them and Penicillium
sp. was isolated from the other three.
These two organisms appeared also in
some isolations from corms in the inocu-
lated series.
In the variety Variation, vascular dis-
coloration developed in one corm ; four
corms of the 29 in the checks had slight
basal rot lesions. Isolations from four of
these affected corms yielded Penicillium
;
no organism was obtained from the fifth
corm.
All plants from noninoculated Mar-
garet Fulton corms remained healthy and
produced healthy daughter corms. Fusar-
ium was recovered from diseased corms in
the inoculated series 36 times in 52 at-
tempts.
Tests in 1953.—Varieties Ur. F. E.
Bennett, Margaret Fulton, Spotlight, and
Elizabeth the Queen were inoculated late
in 1952 with 13 isolates of Fusarium. Size
No. 4 (three-fourths to 1 inch in diam-
eter) corms of the variety Elizabeth the
Queen and large cormels of the other
three varieties were used in this test.
Treating and planting was done December
29, 1952. New corms were harvested
June 5, 1953; they were cleaned and ex-
amined 2 weeks later.
In this trial, because no disease was
found in the new corms produced in the
noninoculated checks, and because only
one Dr. F. E. Bennett and one Spotlight
plant failed to live and produce new corms,
it was assumed that the planting stock was
practically free of disease. Cause of death
Table 19.—Results of greenhouse tests on gladiolus variety Dr. F. E. Bennett inoculated
with Fusarium, February, 1952; new corms were examined in August of the same year.
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of the two nonsurvivinji check plants was
not determined. As the results of this test
are considered more conclusive than those
of the previous test, they are given in de-
tail hy isolates and varieties.
Brown rot isolate 47-12
Dr. F. E. Bennett: Only 3 plants
emerged ; none produced a new conn.
Margaret Fulton : 8 plants emerged ;
1 survived and produced a new conn,
which had thin basal rot.
Spotlight: 5 plants emerged; 4 sur-
vived and produced new corms, 3 of which
had much of the bases rotted, but the rot-
ted tissue was very thin. There was some
vascular streaking, but it was not general.
One corm showed no symptoms. Fusariutii
was recovered from all 3 affected corms.
Elizabeth the Queen: 10 plants
emerged; all survived and produced new
corms. Four of the new corms were badly
decomposed ; 6 had typical brown rot le-
sions. Of these 6 corms, 1 had numerous
brown vascular strands; another had a
single brown vascular strand in addition
to the brown rot lesions. Fusariurn was re-
covered from all 6 corms.
Brown rot isolate 47-32
Dr. F. E. Bennett : 6 plants emerged
;
5 survived and produced new corms, all of
which had core rot and brown vascular
streaks. Fusariuni was recovered from
all 5 corms.
Margaret Fulton: 10 plants
emerged; all survived and developed new
corms. Two corms had thin basal rot le-
sions ; 8 showed no symptoms. Fusariuni
was not recovered from the affected corms.
Spotlight : 5 plants emerged ; 7 sur-
vived and produced new corms, all of
which had diffused basal lesions. There
was no vascular discoloration. Cultures
were made from 3 corms, and Fusariurn
was recovered from each corm.
Table 20.—Results of greenhouse tests on gladiolus variety Margaret Fulton inoculated
with Fusariurn, February, 1952; new corms were examined in August of the same year.
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Elizabeth the Queex: 10 plants
emerged; all survived and produced new
corms, 7 of which had very thin small le-
sions at the sides of the core bases. Fu-
sariuni was recovered from 2 of 4 corms
cultured.
Brown rot isolate 50-7
Dr. F. E. Bennett: 8 plants emerged;
all survived and produced new corms. All
new corms had thin basal rot lesions. Fu-
sarium was recovered from 2 of 5 corms
cultured.
Margaret Fulton: 10 plants
emerged; all survived and produced new
corms. No disease symptoms developed.
Spotlight: 10 plants emerged; all
survived and produced new corms. Nine
of the new corms appeared to have thin
basal rot lesions developing when the
corms were cleaned, but the symptoms
were not distinct. The corms were placed
in an incubator at 26 degrees C. and left
for 15 weeks. The lesions did not develop
further, and attempts to recover the Fu-
sariuni from these corms failed.
Elizabeth the Queen: 10 plants
emerged
; all survived and produced new
corms, 9 of which had no disease symp-
toms. The remaining corm had a diffused
basal rot lesion spreading halfway up the
side of the corm. Fusarium was recovered
from this lesion.
Brown rot isolate 50-22
Dr. F. E. Bennett: 6 plants emerged;
5 survived and produced new corms. Four
of the new corms had typical thick brown
rot lesions. One corm also had brown vas-
cular strands. Fusarium was recovered
from all 4 affected corms. One corm had
no disease symptoms.
Margaret Fulton: 10 plants
emerged; 8 survived and produced new
corms. Seven of the new corms had brown
rot lesions on the bases and sides. Four
Table 21.—Results of greenhouse tests on gladiolus variety Picardy inoculated with
Fusarium, February, 1952; new corms were examined in August of the same year.
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conns were cultured, and Fusariittii was
reco\erc'd from each of them, (^ne corm
remained healthy.
Spotlight: 10 plants emerged; 6 sur-
vived and produced new corms. Three of
the new corms were completely mummified
at cleaninji: time. One corm was three-
fourths rotted ; another contained a dis-
colored vascular strand but had no exter-
nal symptoms. Itisarium was recovered
from the rotted corm but not from the dis-
colored vascular strand. One corm re-
mained healthy.
Kl!/.abeth the Queen: 10 plants
emerged ; all survived and produced new
corms. Two of the new corms were mum-
mified at cleaning time, the other 8 had no
disease symptoms. No attempt was made
to recover the Fusarium.
Vascular isolate 4?i'73
Dr. F. E. Bennett: 7 plants emerged;
5 survived and produced new corms. Two
of the new corms had brown vascular
strands; 3 had no symptoms. Fusarium
was recovered from both of the affected
corms.
Margaret Fulton: 10 plants
emerged ; all survived and produced new
corms. One corm had brown vascular
strands; 9 had no symptoms. Fusarium
was recovered from the affected corm.
Sf'OTLight: 10 plants emerged; all sur-
vived and produced new corms. Three of
the new corms had brown vascular
strands ; 7 remained healthy. Fusarium
was recovered from 2 of the affected corms.
Elizabeth the Queen: 10 plants
emerged ; all survived and produced new
corms. Eight of the new corm^ had exten-
sive discolored vascular strands ; 2 of
them had thick brown rot lesions also. No
connections between the brown rot lesions
and the vascular streaks were found in
any of the corms. Fusarium was recovered
from all 8 of the afiFected corms. Two of
Tiible 22.—Results of greenhouse tests on gladiolus variety Variation inoculated with
Fusarium, February, 1952; new corms were examined in August of the same year.
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the 10 corms had no visible symptoms of
disease.
Vascular isolate 46-3
Dr. F. E. Bennett : 7 plants emerged
;
all survived and produced new corms. One
of the new corms was mummified ; 2 had
basal core rot but no extensive vascular
discoloration. Four of the corms remained
healthy. Fusarium was recovered from
both corms with core rot. Isolations were
not attempted from the mummified corms.
Margaret Fulton : 9 plants emerged
;
all survived and produced new corms. One
had a thin basal rot lesion ; 8 remained
healthy. Fusarium was not recovered from
the affected corm.
Spotlight: 10 plants emerged; all
survived and produced new corms. None
had disease symptoms.
Elizabeth the Queen: 10 plants
emerged; all survived and produced new
corms. All of the new corms remained
healthy.
Vascular isolate 47-10
Dr. F. E. Bennett: 7 plants emerged;
all survived and produced new corms.
Three corms had thin basal core rot but
no vascular discoloration. Four corms had
no disease symptoms. Fusarium was re-
covered from 2 of the 3 affected corms.
Margaret Fulton : 9 plants emerged ;
8 survived and produced new corms. One
had extensive discolored vascular strands;
7 remained healthy. Fusarium was recov-
ered from the affected corm.
Spotlight: 10 plants emerged; all
survived and produced new corms. All of
the new corms remained healthy.
Elizabeth the Queen: 10 plants
emerged ; all survived and produced new
corms. All of the new corms remained
healthy.
Vascular isolate 49-4
Dr. F. E. Bennett: 8 plants emerged;
7 survived and produced new corms. Two
corms were mummified ; 1 had a deep core
rot extending to a thin lesion at the side
of the core base. Three corms had deep
core rot but no extensive vascular discol-
oration. One corm remained healthy.
Fusarium was recovered from 3 of the af-
fected corms.
Margaret Fulton : 9 plants emerged
;
all survived and produced new corms.
Eight corms had thin basal rot. There was
no vascular discoloration. Three corms
were cultured, and Fusarium was recov-
ered from all of them. One corm had no
disease symptoms.
Spotlight: 10 plants emerged; 9 sur-
vived and produced new corms. At clean-
ing time 2 of the corms were mummified
;
6 had thin basal rot. Fusarium was re-
covered from 5 of the 6 corms affected
with basal rot.
Elizabeth the Queen: 10 plants
emerged ; 9 survived and produced new
corms. Four of the new corms had thin
basal rot. In 1 corm, the brown discol-
oration extended from the base into one
vascular strand. Fusarium was recovered
from 1 of the 4 affected corms.
Vascular isolate 50-24
Eight Dr. F. E. Bennett, 9 Mar-
garet Fulton, 10 Spotlight, and 10
Elizabeth the Queen plants emerged;
all survived and produced new corms. No
disease symptoms developed.
Basal rot isolate 47-2
Dr. F. E. Bennett: 10 plants
emerged ; all survived and produced new
corms. One of the new corms had one
brown vascular strand ; another had vet}-
short discolored vascular streaks around
the core. Fusarium was not recovered
from the affected corms. Eight corms had
no disease symptoms.
Margaret Fulton: 10 plants
emerged ; 9 survived and produced new
corms. All new corms remained healthy.
Spotlight : 8 plants emerged ; all sur-
vived and produced new corms. Six corms
had thin basal rot lesions, most of which
chipped out when the corms were cleaned.
One corm also had pronounced vascular
discoloration. Fusarium was recovered
from 3 of the affected corms. Two corms
remained healthy.
Elizabeth the Queen: 10 p'ants
emerged ; all survived and produced new
corms. All new corms remained healthy.
Basal rot isolate 47-3
Dr. F. E. Bennett : 7 plants emerged ;
all survived and produced new corms. All
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7 corms had brown core bases; 5 of these
conns had brown vascular strands also.
Fusarium was recovered from all 7 corms.
Margaret Fultox: 10 plants
emerged ; all survived and produced new
corms. Each of the corms had a thin,
light brown discoloration around the core
base. Only 1 corm had a discolored vascu-
lar strand. Three of the corms were cul-
tured ; Fusarium was recovered from all
of them.
Spotlight: 10 plants emerged; all
survived and produced new corms. One
corm had a hard core base and pronounced
vascular discoloration. Two other corms
had lighter vascular discoloration. Fu-
sarium was not recovered from these
corms. Seven corms showed no symptoms
of disease.
Elizabeth the Queen: 10 plants
emerged ; all survived and produced new
corms. Four corms had typical thin basal
rot lesions; 2 had discolored vascular
strands but no basal rot lesions. Fusarium
was recovered from 5 of the 6 affected
corms. Four corms had no symptoms of
disease.
Basal rot isolate 50-23
Dr. F. E. Bennett: 6 plants emerged;
all survived and produced new corms. One
corm had a thin basal rot lesion ; 1 had a
brown vascular strand in the top half of
the corm. Fusarium was recovered from
both affected corms. Four corms remained
healthy.
Margaret Fulton: 10 plants
emerged ; 9 survived and produced new^
corms. Eight corms had thin brown dis-
colorations over the core bases. In 1 corm
the discoloration extended slightly beyond
the core. One corm had no symptoms.
Attempts to recover Fusarium failed with
all 8 affected corms.
Spotlight: 10 plants emerged; all
survived and produced new corms. Nine
corms had typical thin diffused basal rot
lesions. There was no vascular discolora-
tion. Fusarium was recovered from 8 of
the 9 affected corms. One corm remained
healthy.
Elizabeth the Queen: 10 plants
emerged ; all survived and produced new
corms. No disease symptoms developed in
any of the plants or new corms.
Basal rot isolate 50-26
Dr. F. E. Bennett: 8 plants emerged;
all survived and produced new corms.
Seven corms had brown core bases. One
corm also had a thick brown rot lesion on
its side ; 1 corm had a thin brown rot le-
sion on its side, and 1 corm had a brown
vascular strand. One corm had no disease
symptoms. Fusarium was recovered from
5 of the 7 affected corms.
Margaret Fulton : 9 plants emerged
;
all survived and produced new corms. Six
corms had brown core bases ; 3 had no
symptoms. Fusarium was recovered from
only 1 of the affected corms.
Spotlight: 9 plants emerged; 8 sur-
vived and produced new corms. Two of
the corms were mummies; 6 had typical
thin basal rot lesions. Fusarium was re-
covered from all 6 of these corms.
Elizabeth the Queen: 10 plants
emerged ; all survived and produced new
corms. Two corms had very small, thin
basal rot lesions. Fusarium was recovered
from both corms. Eight corms had no dis-
ease symptoms.
Noninoculated checks: Three sets of
checks consisting of 10 corms of each vari-
ety in each set were planted.
Dr. F. E. Bennett: 24 plants
emerged ; 23 survived and produced new
corms. No disease symptoms developed.
Margaret Fulton: 29 plants
emerged ; all survived and produced new
corms. No disease symptoms developed.
Spotlight: 29 plants emerged; 28 sur-
vived and produced new corms. No dis-
ease symptoms developed.
Elizabeth the Queen: 30 plants
emerged ; all survived and produced new
corms. No disease symptoms developed.
Fusarium reisolates: The cultures that
were recovered from the new corms agreed
closely in growth type on Wellman's agar
with the growth types of the respective
isolates used for inoculation.
Variation in Virulence of Isolates.
—Relative virulences of the isolates used
in the greenhouse tests were rated numer-
ically by means of disease indexes com-
puted as follows : Values were assigned
to the disease symptoms in the new corms
and these values were applied in a modifi-
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cation of the formula used in determina-
tion of rot severity indexes in the labora-
tory tests. Complete decomposition of the
corms was considered the most severe re-
sult of the disease and was assigned a value
of 3. Brown rot and vascular symptoms
were considered equal in severity and were
assigned a value of 2. Thin basal dry rot
was considered less severe and was given
a value of 1. Absence of symptoms rated
Table 23.—Severity indexes (obtained by use of formula on pajje 496) for the disease pro-
duced by 20 isolates of Fiisariiim on four gladiolus varieties in greenhouse tests, 1952.*
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a value of 0. The forimila used was as
follows:
Disease index = ^^—
r
X 100
where N'l, No, \:i, N4 = number of corms in each
severity class
0, 1, 2, 3 = values assit^ned to severity
classes
t = total number o\ corms
counted
The disease indexes obtained from these
calculations are shown in tables 23 and 24.
The isolates varied in their effects on the
test varieties, but the variations did not
follow any definite pattern.
The results obtained in the inoculation
tests show that an isolate does not always
produce the same form of the disease. For
example, in the 1953 tests, all three forms
of the disease appeared in plants inocu-
lated with isolates 47-32 and 50-26. In
most cases, more than one disease form was
obtained from inoculations with a single
isolate. A summary of the disease forms
produced in plants inocu'ated with the va-
rious isolates is given in table 25.
Although the same methods were not
employed, these results are in general
agreement with those obtained by Mc-
Clellan (1948), who used mass culture
isolates of Fusnrium for inoculations on
the Picardy and Dr. F. E. Bennett varie-
ties. Some isolates caused a vascular rot,
some a surface rot, and others caused a
combination of symptoms. McClellan
mentioned that the pathogenicity of iso-
lates varied from year to year but he did
not describe the nature of the variation.
DISCUSSION AND
CONCLUSIONS
The occurrence of different forms of a
single fungus in laboratory cultures has
been reported by many workers in many
parts of the world. The terms "varia-
tion," "saltation," "dissociation," "muta-
tion," and "sectoring" have been used to
designate this phenomenon.
Most of the studies of variations in the
genus Fusarium have been made on the
relation of pathogenicity to forms of
growth. Most of the workers have re-
ported that cultures of Fusarium vary be-
tween a type with abundant aerial growth
and a type with all the mycelium appressed
in the nutrient substrate. The type of cul-
ture having aerial mycelium generally has
been found to be most pathogenic, the type
having only appressed mycelium least
pathogenic, but observers on this point
have not agreed unanimously (Armstrong,
MacLachlan, & Weindling 1940, Burk-
holder 1925).
Numerous attempts have been made to
account for these variations, but none has
been entirely satisfactory. Leonian (1929,
1932) considered different cultural forms
merely as phases in an orbit of variation of
a species. Hansen (1938) explained varia-
bility in many of the Fungi Imperfecti as
a "dual phenomenon" resulting from a
segregation of genetically different nuclei
in a multinucleate mycelium. Hansen Si
Smith (1932) earlier concluded that vari-
able forms of the Fungi Imperfecti may
owe their instability to nuclear heteroge-
neity, and that this condition can be
brought about by nuclei of one strain en-
tering the cells of another strain through
anastomoses, and that reassortment of di-
verse nuclei can be accomplished by such
mechanisms as anastomosis and unequal
cell division.
Anastomoses, or fusions, between the
hyphae and between the germ tubes of va-
rious fungi have been described by other
workers. Zeller (1926) found conjugat-
ing macroconidia of Nectria sanffuinea
(Sibth.) Fr. in sporodochia on apple bark.
He observed some comparatively long con-
jugating tubes connecting cells of one spore
with those of another. In each case the nu-
cleus had migrated from one cell to the
other, producing a binucleate condition.
Also, Zeller saw conjugation between two
cells of the same spore. He did not discuss
the significance of these conjugations.
Dickinson (1932) studied hyphal fu-
sions in Fusarium fructigenum (Fries)
and F. vasinfectum (Atk. ). In no case
did he observe fusion between segments
(cells) of a conidium and only once did he
find fusion between two segments of ad-
jacent conidia. He concluded that in these
species saltation was due to mutation
rather than to heterocaryosis or cytoplas-
mic inheritance.
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That germintitintr spores of the gladi-
olus Fusariuin anastomose was observed in
the studies reported here, fig. 22, but cyto-
logical studies were not made and no spe-
cific attempt was made to relate this phe-
nomenon to subsequent variation of the
isolates. If, however, the interpretation
of Hansen (S: Smith (1932) is correct,
this phenomenon could account for the
\ariants both in form of growth and in
pathogenicitv of the gladiolus Fusariu/n.
Miller (i945rt, 1945^-, 1946rt, \94bb),
in studies of the muskmelon-wilt Fusar-
ium and other species, reported that when
Table 25.—Disease forms produced by 27 isolates of Fusarium in experiments performeJ
in 1, 2, or 3 years.
Isolate
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i \CS^l?'?^!^
Fig. 22.—Anastomoses among germinating spores of the gladiolus Fiisanum: A, macro-
spores ; B, microspores.
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monosporous isolations were made from an
isolate derived from a diseased plant, all
cultures were alike and of a form that pro-
duced abundant aerial mycelium on which
conidia, mostly nonseptate, were borne
rather sparsely. He called this form the
wild type. Cultural variants that were
derived from the wild type were consid-
ered to be laboratory mutants. Miller con-
tended that the taxonomy of Fusariuni
should be based only on w^ld types and not
on laboratory mutants.
The classification of WoUenweber &
Reinking (1935) is based on the view
that the macroconidia are the spore types
on which species descriptions should be
based and that those I usaria which do not
produce such spores when isolated from
nature may be induced to do so by fre-
quent cultural transfers. Such transfer-
ring gives rise to a cultural state char-
acterized by abundant production of
macroconidia, a condition that has been
called "normal culture," "high culture,"
"Normkultur," and "Hochkultur." Miller
contended that this method results in dis-
placement of the wild type by mutants.
According to Miller, mo^t of the species
de-criptions appearing in the literature
have been based on laboratory mutants
rather than on natural tvpes. Hence, he
considered the classification of WoPen-
weber & Reinking unsatisfactorv. The
Snyder & Hansen (1940. 1941,' 1945)
revision disregards morphological criteria
and places primary emphasis on the host
relationship. Miller contended that this
s'.stem also is unsatisfactory, stating that
if proper cultural methods are employed
the morphologv cf ihee organisms will
be found sufficientlv constant to warrant
an attempt at morphological classification.
He based this statement on two facts:
( 1 ) his original isolates were aU of the
ra'sed type and (2) he was able to main-
tain this t\pe by a soil culture technique
in which the fungus was kept in a dried, in-
active condition for long periods of time.
From these two facts he concluded that
variants of the types found in laboratory
cultures do not occur in nature, or at
least that variants are very rare. These
conclusions do not agree with the report
of Orton (1935), who found that several
strains of Fusariuni niveuni Smith may
change ;is readily in soil as upon labora-
tory media.
While an extensive study of the occur-
rence of changes in culture form of the
gladiolus Fusarium was not made by the
writer, such changes were observed, table
10. Since the raised, appressed, and in-
termediate forms were obtained in orig-
inal isolations of the gladiolus Fusarium,
it must be assumed that all of these forms
occur in nature and that the wild types
of this fungus are not all of one form.
The main object of this investigation
was to determine if strains of Fusarium
obtained from gladiolus corms having dif-
ferent disease symptoms could be fitted
into well-defined groups on the basis of
their pathogenicity and physiological
characters. The isolates used in these
studies do not fall into we'l-defined
groups. Also the pathogenicity tests show
that a single isolate is capable of produc-
ing more than one form of disease. Evi-
dence obtained in the other tests in this
investigation shows that the strains of
the gladiolus Fusarium are extremely var-
iable and some apparently are quite un-
stable. No definite pattern for as:ocia-
tion of the many variables could be deter-
mined ; the variations seem to occur inde-
pendently.
It was not intended that this paper
should enter the controversy on the rela-
tive merits of the two available systems
of classifying Fusaria. But, as both sys-
tems have been used in previous studies
of the Fusarium disease of gladiolus, and
at least two specific names under one sys-
tem have been used for strains of the fun-
gus associated with different forms of the
disease, it becomes necessary to take a
definite stand regarding the nomenclature
and taxonomy of the gladiolus Fusarium.
Since this investigation failed to establish
the existence of well-defined strains of a
Fusarium associated with the different
forms of the disease, it seems most logical
to regard all variants as members of a
single species. Because the system of Sny-
der & Hansen is better suited for classi-
fication of this type of organism, it is pro-
posed that all forms of the gladiolus Fu-
sarium be included under the name Fu-
sarium oxysporum f. gladioli (Massey)
Snvder & Hansen.
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SUMMARY
Three forms of the Fusarium disease
of {zladiolus, known as the vascular,
brown rot, and basal dry rot forms, have
been described by other workers. The
ajient or agents which cause these disease
forms have been assigned various specific
names, with the result that the exact rela-
tion of the different symptom types and
their causal agent or agents has been in a
state of confusion.
The purpose of this investigation was
to rectify the confusion by determining if
strains of Fusariutn producing different
symptoms could be fitted into w^ell-defined
groups on the basis of their pathogenicity
and physiological characters.
From several hundred isolates of Fu-
sarium that had been cultured from dis-
eased gladiolus corms, 40 isolates were
selected for comparison in pathogenicity
tests and physiological studies. Compari-
sons of isolates from the three disease
forms were made by means of their reac-
tions to temperature, reactions to aniline
dyes, reactions to copper salts, reactions
to mercuric chloride, color reactions on
steamed rice, growth types on differential
media, pH changes produced in liquid
media, spore measurements, and tendency
to reproduce the same or different disease
forms in inoculated plants and corms.
The isolates varied a great deal in their
reactions in these tests, but no definite pat-
tern for association of variables could be
determined ; the variations seemed to occur
independently. The isolates did not fall
into well-defined groups; the isolates from
the three disease forms could not be dis-
tinguished by any of the tests used. The
pathogenicity tests showed that a single
isolate is capable of producing more than
one form of the disease.
The evidence obtained in these studies
shows that strains of the gladiolus Fu-
sarium are extremely variable and that
some of them apparently are quite unsta-
ble. It is proposed that all forms of the
gladiolus Fusarium be included under the
name Fusarium oxysporum f. gladioli
(Massey) Snyder & Hansen.
LITERATURE CITED
Anonymous
1927. Mycological investigations. [Cheshunt] Expt. and Res. Sta. Ann. Rep. 12(1926) :26.
[Cheshunt, Herts., England.]
Armstrong, G. M., and Joanne K. Armstrong
1950. Biological races of the Fitsarinm causing wilt of cowpeas and soybeans. Phyto-
pathology 40(2) :181-93.
Armstrong, G. M., J. D. MacLachlan, and R. Weindling
1940. Variation in pathogenicity and cultural characteristics of the cotton-wilt organism,
Fusarium vas'inffctum. Phytopathology 30( 6) : 515-20.
Bald, J. G.
1953. Control of disease by heat-curing and dipping gladiolus corms. II. Incidence of
lesions. Phytopathology 43(3) :146-50.
Bellard, John K.
1933. Notes on "glad" core rot. Florists' Rev. 72(1848) :14.
Blank, L. M.
1934. Uniformity in pathogenicity and cultural behavior among strains of the cabbage-
yellows organism. Jour. Ag. Res. 48(5) :401-9.
Broadfoot. W. C.
1926. Studies on the parasitism of Fusarium I'tni Bolley. Phytopathology 16(12) : 95 1-78.
Brown, W.
1928. Studies in the genus Fusarium. VI. General description of strains, together with a
discussion of the principles at present adopted in the classification of Fusarium. Ann.
Hot. 42(165) :285-304. London. England.
Burkholder, Walter H.
1925. Variations in a member of the genus Fusarium grown in culture for a period of five
years. Am. Jour. Hot. 12(4) :245-53.
Coons, G. H., and M. C. Strong
1931. The diagnosis of species of Fusarium by use of growth-inhibiting substances in the
culture medium. Mich. Ag. Exp. Sta. Tech. Bui. 115. 78 pp.
Creager, D. B.
1944. Chemical treatments for gladiolus bulbs and bulblets before planting. Cjladiolus
Sup. l(8):4-9.
Dickinson, Sydney
1932. The nature of saltation in Fusarium and Helminihosporium. Minn. Ag. Exp. Sta.
Tech. Bui. 88. 42 pp.
Dimock, A. W.
1941. New diseases challenge gladiolus culture. Canad. Gladiolus Soc. Ann. 1941:60-4.
1945. Gladiolus yellows. Florists' Rev. 97(2501) :46.
Gould, Charles J.
1949. Influence of climate on incidence of Fusarium rot and dry rot in gladiolus corms. (Abs.)
Phytopathology 39(1) :8.
Hansen, H. N.
1938. The dual phenomenon in imperfect fungi. Mycologia 30(4) :442-55.
Hansen, H. N., and Ralph E. Smith
1932. The mechanism of variation in imperfect fungi: Botrytis cinerea. Phytopathology
22(12) :953-64.
Harter, L. L.
1939. Influence of light on the length of the conidia in certain species of Fusarium. Am.
Jour. Bot. 26(4) :234-43.
Harvey, C. C.
1929. Studies in the genus Fusarium. VII. On the different degrees of parasitic activity
shown by various strains of Fusarium fructigenum. Ann. Bot. 43( 170) :245-59. Lon-
don, England.
[501]
502 Illinois Natural History Survey Bulletin \'o1. 26. Art. 6
L.eonian, Leon H.
1929. Stuil'es on the variability and dissociations in the genus Fiisarium. Phytopathology
19(9) :753-868.
1932. The pathogenicity and the variability of Fiisarium moniliforme from corn. W. Va.
Ag. Exp. Sta. Bill. 248. 16 pp.
Ma^ie, Robert O.
1950. Materials and methods for controlling Fiisarium on gladioli. Florists' Rev. 106(2738):
28-30.
Magie, Robert O., and H. N. Miller
1948. Gladiolus storage rot. Florists' Rev. 103(2655) :35.
1949. Dust or dip treatment before storage controls gladiolus rot. Florists' Rev. 105
(2707):27-8.
.Massey, L. M.
1922. Fusarium rot of gladiolus. (Abs.) Phytopathology 12(1) :53.
1926. Fusarium rot of gladiolus corms. Phytopathology 16(8) : 509-23.
.McClellan. W. D.
1945. Pathogenicity of the vascular Fusarium of gladiolus to some additional iridaceous
plants. Phytopathology 35(11): 921-30.
1947. Svmptoms of the Fusarium disease of gladiolus. Gladiolus Mag. ll(l):26-32.
1948. Effect of Fusarium isolates on two gladiolus varieties. (Abs.) Phytopathology
38(7) :576.
McClellan, W. D., and Neil W. Stuart
1947. The influence of nutrition on Fusarium basal rot of narcissus and on Fusarium yellows
of gladiolus. Am. Jour. Bot. 34(2) :8C-93.
.VIcCulloch. Lucia
1944. A vascular disease of gladiolus caused by Fusarium. Phytopathology 34(3 ) :263-87.
McKinney, H. H.
1923. Influence of soil temperature and moisture on infection of wheat seedlngs by Hei-
mintliosporium sativum. Jour. Ag. Res. 26(5) : 195-217.
Miller, H. N.. and R. O. Magie
1950. Control of Fusarium storage rot of gladiolus corms. Phytopathology 40(2) :209-12.
Miller. John J.
1945rt. Studies on the Fusarium of muskmelon wilt. I. Pathogenic and cultural studies with
particular reference to the cause and nature of variat'on in the causal organism.
Canad. Jour. Res., Sect. C, 23(l):16-43.
\9ASh. Studies on the Fusarium of muskmelon wilt. II. Infection studies concerning the host
range of the organism and the effect of environment on disease incidence. Canad.
Jour. Res., Sect. C. 23(5 ) :166-87.
1946a. Cultural and taxonomic studies on certain Fusaria. I. Mutat'on in culture. Canad.
Jour. Res., Sect. C, 24( 5 ) :188-212.
1946/;. Cultural and taxonomic studies on certain Fusaria. II. The taxonomic problem in
Fusarium with particular reference to section Elegans. Canad. Jour. Res., Sect. C,
24(5):213-23.
.Moore. Helen, and Charles Chupp
1952. A phvsiological study of the Fusaria causing tomato, cabbage and muskmelon wilts.
Myco'logia 44(4) : 523-32.
Moore, W. C.
1939. Diseases of bulbs. [C,t. Brit.] Min. Ag. and Fisheries Bui. 117. 176 pp. London,
England.
Nelson, Ray
1937rt. Gladiolus diseases. Mich. Ag. Exp. Sta. Circ. Bui. 149 (revised): 43-56.
1937/;. Basal dry rot of gladiolus corms. (Abs.) Phytopathology 27(2) :137.
1938rt. Fusarium yellows of gladiolus. (Abs.) Phytopatholog}- 28(1 ) :17.
1938/'. Fusarium yellows of gladiolus. Gladiolus 1938:124-31. New England Gladiolus
Soc, Boston.
1948. Diseases of gladiolus. Mich. Ag. Exp. Sta. Spec. Bui. 350. 63 pp.
Nelson, Ray. G. H. Coons, and L. C. Cochran
1937. The Fusarium yellows disease of celery. Mich. Ag. Exp. Sta. Tech. Bui. 155. 74 pp.
September. 1955 Forsberg: Fusarium Disease of Gladiolus 503
Orton, C. R.
1935. The dissociation of Fusarium in soil. Torrey Bot. Club Bui. 62(7):413-8.
Pryal, W. A.
1909. Disease among gladioli. Rural New-Yorker 68(4021 ): 1009.
Ridgway, Robert
1912. Color standards and color nomenclature. 43 pp., 53 pi. Published by the author,
Washington, D. C.
Ryan, R. W.
1953. Cleveland gladiolus disease conference. N. Am. Gladiolus Council Bui. 34:15.
Snyder, William C, and H. N. Hansen
1940. The species concept in Fusarium. Am. Jour. Bot. 27(2):64-7.
1941. The species concept in Fusarium with reference to section Martiella. Am. Jour. Bot
28(9) :738-42.
1945. The species concept in Fusarium with reference to Discolor and other sections. Am.
Jour. Bot. 32(10) :657-66.
Ullstrup, Arnold J.
1935. Studies on the variability of pathogenicitv and cultural characters of Gihherella sau-
hinetii. Jour. Ag. Res. 51(2): 145-62.
VVellman, Frederick L.
1942. Difference in pH relations of some pathogenicallv variable strains of tomato Fusarium.
Phytopathology 32(4) :271-87.
Wellman, Frederick L., and Dorothy J. Blaisdell
1941. Pathogenic and cultural variation among single-spore isolates from strains of the
tomato-wUt Fusarium. Phytopathology 31 (2) :103-20.
Wollenweber, H. W.
1913. Studies on the Fusar'um problem. Phytopathology 3(l):24-50.
Wollenweber, H. W., and O. A. Reinking
1935. Die Fusarien, ihre Beschreibung, Schadwirkung und Bekampfung. P. Parey, Berlin,
viii + 355 pp.
Wollenweber, H. W., C. D. SherbakoflF. O. A. Reinking, Helen Jchann, and Alice A. Bailey
1925. Fundamentals for taxonomic studies of Fusarium. Jour. Ag. Res. 30( 9 ) :833—43.
Zeller. S. M.
1926. Species of Nectria, Gihherella, Fusarium, CylinJrocurpou and Ramularia occurring on
the bark of Pyrus spp. in Oregon. Phytopathology 16(9):623-7.

INDEX
The following index covers Articles 2, 3, 4, 5, and 6 of Volume 26 of the Illinois Natural
History Survey Bulletin. An index of Article 1, The Mayflies, or Ephemeroptera of Illinois
by B. D. Burks, begins on page 211 of this volume. Indexing of Articles 2, 3, 4, 5, and 6 has been
limited for the most part to the names of birds, fish, insects, mammals, and plants mentioned
in the articles. In most cases, the singular form of the word has been used in the index even
though the plural form has been used in the text, as fungus for both fungus and fungi. ' Place
names have not been indexed.
Acalypha gracilens, 420, 432
Acanthaceae, 422, 437
Acerates
angustifolia, 435
hirtella. 43 5
1 iridiflora, 43 5
Achillea millefolium, 403, 405, 438
Agave. 384, 386
virginica, 379, 383, 387, 388, 418, 427
Agoseris cuspidata, 402, 423, 438, 441
Agrilus bUineatus (associated with oak wilt),
305-6
Agrimonia rostellata, 429
Agrimony, 429
Agrostis hiemalis, 415, 416
.Alexanders, golden, 434; see also Zizia aurea
Algae, 246
blue-green, 223, 228
Atisma subcordatum, 223
Allium
canadense, 426
stellatum, 418, 427
'vineale, 427
Aloe, American, 427 ; see also Agave virginica
Alumroot, 429; see also Heuchera richardsonii
Amaryllidaceae, 418, 427
Ambrosia
artemisiifolia var. elatior, 438
coronopifolia, 404, 423, 438, 441
elatior, 405, 423, 438
psilostachya var. coronopifolia, 438
trijida, 423, 438
A meiurus
melas, 237, 328; see also Bullhead; Bullhead,
black
melas melas, 329; see also Bullhead, northern
black
natalis, 111, 328; see also Bullhead, yellow;
Cat, yellow-bellied ; Greaser
natalis natalis, 329; see also Bullhead, north-
ern yellow
nebulosus, 328; see also Bullhead, brown and
speckled
nebulosus marmoratus, 329; see also Bull-
head, brown
Amelanchier arborea, 429
American waterplantain, 228
Amia calva, 328; see also Bowfin ; Dogfish;
Grindle; Mudfish; Trout, cypress
Amorpha canescens, 402, 419, 430
Ampedus nigricans (associated with oak wilt),
305-6
Amphiodon alosoides, 328; see also Goldeye;
Mooneye
Anacardiaceae, 420, 432
Anacharis canadensis, 228; see also Elodea
Andropogon
furcatus, 415; sec also Bluestem, big
gcrardi, 375, 379, 381-6, 388-9, 392-3, 397-8
400-1, 405, 407, 413, 415-6, 441-2
scoparius, 375, 378-9, 381-90, 392-3, 396-405.
407-10, 412-3, 415-6, 441-2
virginicus, 415, 416
Androsace occidentalis, 401, 421, 435
Anemone
canadensis, 428
cylindrica, 418, 428
^irginiana, 419, 429
Anemone
long-fruited, 428 ; sec also Anemone cylin-
drica
meadow, 428
tall, 429; see also Anemone virginiana
Anguilla bostoniensis, 328 ; see also Eel
Antennaria
neglecta, 423, 438
plantaginifolia, 438
Anthocoridae (associated with oak wilt), 305-6
Aplodinotus grunniens, 329; see also Croaker,-
Drum, freshwater; Gaspergou; Perch;
Perch, grunting and whits; Sheeps-
head
Apocynaceae, 421, 435
Apocynum
cannabinum, 421, 43 5
sibiricum, 421, 43 5
Aquifoliaceae, 432
Aquilegia canadensis, 429
Arabis lyrala, 429
Aristida
basiramea, 415, 416
intermedia, 415, 416
longcspica, 415, 416
oligantha, 415, 416
Arrowhead, 228
common, 228
Artemisia caudata. 397, 404, 423, 438
Asclepiadaceae, 421, 435
Asclepias
amplexicaulis, 421, 435
hirtella. 435
rjuadrifolia, 435
stenophylla. 398, 401, 421, 435, 441, 443
tuberosa, 421, 435
verticil Iat a, 421, 435
viridiflora, 3?.8, 421, 435
Ash
black, 435
prickly, 432
white, 435
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Asparagus, 427
Asparagus officinalis , 427
Aspen
large-toothed, 427
quaking, 427; sff also Popnlus tremuloides
Asttr, 393. 443
anomalus, 439, 441
azurnis, 423, 439
ericoidfs. 423, 439
fxi(juus, 439
linariifoUus. 423, 439
oblongifolius, 387, 388, 392, 423, 439
parviceps, 423, 439
patens. 387-9, 423, 439
pilosus. 423. 439
ptarmicoides, 439
sagittifolins, 439
serueus, 423, 439
turhinrlliis. 423, 439
Aster, 439; see also Aster
arrow, 439
bright blue, 439; see also Aster azureus
golden, 439 ; see also Chrysopsis villosa
heath, 439; see also Aster pilosus
oblong-leaf, 439 ; see also Aster oblongifolius
silky, 439 ; see also Aster sericeus
spreading, 439; see also Aster patens
white upland, 439
Astragalus
canadensis, 419, 430
distortus, 399, 419, 430
Atlieta (associated with oak wilt), 305-6
Aulonium parallelopipedum (associated with
oak wilt), 305-6
Aiireolaria grandiftora, 437
B
Bacteria (associated with oak wilt), 291, 296,
317, 320
Balsam, old-field. 440; see also Gnaphalium
obtusifolium
Baptisia leucantha, 430
Barfish, 329
Barley, little, 425; see also Hordeum pusillum
Bass, 218-9, 228-9, 231, 233, 235-6, 238-43,
245-52, 254-63, 265-75, 356, 360-1
bigmouth, 329
black, 329
calico, 329; see also Crappie, black
Kentucky, 329
largemouth, 217-75, 329, 340, 358, 359, 363
largemouth black, 329
northern smallmouth, 329
northern spotted, 329
round, 329
silver, 329
smallmouth, 272, 329
smallmouth black, 329
spotted, 329, 340, 358, 359
spotted black, 329
strawberry, 329
striped, 329
warmouth, 329
white, 329, 332, 341
yellow, 329, 332, 341, 359, 360
Basswood, 397
Bastard-toadflax, 428 ; see also Comandra um-
bellata
Bean, wild, 431
Bedstraw. 438
Beetle (associated with oak wilt), 279, 309,
310, 318
ambrosia (associated with oak wilt), 297
Belamcanda cliinensis, 427
Bellflower, 438; see also Campanula rotundi-
folia
Belly, flat, 328
Bergamot, 436; see also Monarda bradburiana
spotted, 436 ; see also Monarda punctata
wild. 436; see also Monarda fistulosa
Besseya, 437
Betulaceae, 427
Bignonia capreolata, 437
Bignoniaceae, 437
Billfish, 328
Bird (associated with oak wilt), 280
Bittersweet, 432
Blackberry, 430
Blackberry-lily, 427
Blackhaw, southern, 43S; see also liburnum
rufidulum
Blackhorse, 328
Blattidae (associated with oak wilt), 305-6
Blazing-star, 440; see also Liatris aspera
cylindric, 440; see also Liatris cylindracea
Blephilia ciliata, 436
Blueberry
hill, 434
low, 434
Bluefish, 328
Bluegill, 217, 219, 229, 231, 235-45, 247-50,
252, 254-7, 260-2, 267-71, 273-5, 329,
332, 339, 341, 343-53, 358-61, 364-5
common, 329
Bluegrass, 368, 395
Canada, 425
Kentucky, 425 ; see also Poa pratensis
Bluestem
big, 381, 415; see also Andropogon gerardi
little, 415; see also Andropogon scoparius
Bluets, 438 ; see also Houstonia lanceolata and
H. nigricans
Boater, coal, 328
Boletobius quaesitor (associated with oak
wilt), 305-6
Boneset, false, 440 ; see also Kuhnia eupatori-
oides
Boraginaceae, 421, 435
Bothrideres geminatus (associated with oak
wilt, 305-6
Bouncing-bet, 428
Bouteloua, 415
curtipendula, 375, 378-9, 381-4, 386-90,
392-3, 396-405, 407-9, 412-6, 442-3
hirsuta, 396-7, 403-4, 415-6, 441
Bowfin, 328, 332, 341, 355, 358-60
Bream, 329
American, 328
Brenthidae (associated with oak wilt), 305-6
Bristlegrass
green, 425 ; see also Setaria viridis
yellow, 425
Bromus
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commtitatus, 415
tectorum, 415
Broomsedge, 415; srr also Andropogon virgin-
jcus
Buchnera americana, 393, 422, 437
Buckbrush, 438 ; see also Symphoruarpos or-
biculatus
Buffalo, 332-4, 336, 339, 346, 349, 351, 355-6
360-1, 365
bigmouth, 327-9, 332, 339-40, 343-53, 355,
3 57-9
black, 237, 239, 244, 274, 327-9, 332, 340,
3 58-9
blue, 328
brown, 328
bullhead, 328
bullmouth, 328
bullnose, 328
channel, 328
humpback, 328
liner, 328
mongrel, 328
quillback, 328
razorback, 328
redmouth, 328
roachback, 328
round, 328
roundhead, 328
sheepshead, 328
slough, 328
smallmouth, 327-9, 332, 339-40, 343-53,
357-9, 363
stubnose, 328
trumpet, 328
Bugler, 328
Bullhead, 238, 241, 243, 249, 328, 330, 358, 360
black, 217, 237, 239, 240, 242, 244, 248, 274,
328, 340, 359
brown, 328, 329, 340, 359
northern black, 329
northern yellow, 329
speckled, 328
yellow, 237, 239, 244, 274, 328, 340
Bulrush, 228
Buprestidae (associated with oak wilt), 305-6
Bush-clover, 430; see also Lespedeza capitata
creeping, 431
slender, 431; see also Lespedeza virginica
trailing, 430
Buttercup
early, 429 ; see also Ranunculus fascicularis
tufted, 429 ; see also Ranunculus fascicularis
Butterfly-weed, 435; see also Asclepias tube-
rosa
Buttonweed, rough, 437; see also Diodia teres
Cacalia
atriplicifolia, 407, 439
tuberosa, 412, 423, 439
Cactaceae, 421, 433
Caenothus americanus, 413
Camassia scilloides, 418, 427
Campanula
intercedens, 438
rotundifolia, 423, 438
Campanulaceae, 423, 438
Campostoma anomalum, 21,1 \ see also Stone-
roller
Campsis radicans, 437
Canada waterweed, 228
Cannabinaceae, 428
Cannabis sativa, 428
Caprifoliaceae, 438
Carabidae (associated with oak wilt), 305-6
Carex
brevior, 417, 426
flaccosperma var. glaucodea, 426
glaucodea, 417, 426
gravida, 417, 426
gravida var. lunelliana, 417, 426
meadit, 417, 426
muhlenbergii, 417, 426
pcnnsylvanica, 417, 426
spp., 228
Carp, 231, 237-9, 241, 244, 274, 328-34, 338-40,
342-53, 355-60, 363, 365
coldwater, 328
European, 328
German, 328
river, 328
silver, 328
Carpiodes
carpio, 328; sec also Carp, silver; Carp-
sucker; Carpsucker, river
carpio carpio, 329; see also Carpsucker,
northern
cyprinus, 328 ; see also Carp, coldwater and
silver ; Carpsucker ; Carpsucker, quill-
back
;
Quillback
Carpophilus (associated with oak wilt), 297,
299, 305-8
niger, 297
sayi, 297, 305-6
Carpsucker, 328, 332, 340, 347, 349, 357-60,
363, 365
highfin, 328
northern, 329
quillback. 328
river, 328
Carrot, wild, 433
Carya
sp., 387, 388
spp., 413
texana, 410, 427
Caryophyllaceae, 418, 428
Cassia, 430; see also Cassia nictitans
Cassia
fasciculata, 378, 383, 389, 392, 419, 430
nictitans, 419, 430
Cr.stanea
dentata, 277
mollissima, 277
sativa, 111
Castanopsis scmpervirens, 277
Catchfly, sleepy, 428 ; see also Silcne antirrhina
Cat [fish] ; see also Catfish
channel, 328
chucklehead, 328
Fulton, 328
Johnny, 328
Mississippi, 328
Morgan, 328
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Cat [fish]
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continued
shovelnose, 328
spoonbill, 328
spotted, 323
veilow, 328
vellow-bellied. 328
Catfish, 328, 330, 331, 333-5, 344, 351, 355,
364-5; see also Cat [fish]
blue, 327-30, 332, 340, 343
channel, 327-9. 332, 339-40, 343-50, 352-3,
355, 358-9, 363, 365
flathead, 327-30, 332, 339-40, 343-53, 355,
358, 363, 365
Catfoot, 440; sec also Gnaplialium ohtusifo-
lium
Catnip, 436
Catostomus
commcrsonnii, 237, 238; sec also Sucker,
comnion, fine-scaled, and white
commcrsonnii commcrsonnii, 329; see also
Sucker, white
Cattail, 228
common, 228
Ceanotlius americanus, 420, 432
Cedar, red, 395, 409, 415; sec also Junipcrus
virginiana
Celastraceae, 432
Celastrus scandens, 432
Celtis laevigata, 428
Centrarchid, 271
Ccntrarchus macropteriis, 329; see also Bass,
round ; Flier ; Sunfish, longfinned and
round
Cerastinm
nutans, 418, 428
lulgatum, 428
Cercis canadensis, 405, 413, 430
Chacnobryttus coronarius, 217, 236, 329; see
also Bass, warmouth ; Goggle-eye
;
Warmouth
Cliacropliyllum sp., 433
Chalara quercina, 278
Chamaesyce
glyptospcrma, 420, 432
maculata. 402, 420, 432
supina, 420, 432
Cliaohorus, 226
Cheat, 415
Chcilanthes lanosa, 415, 416
Chenopodiaceae, 418, 428
Chenopodium
leptophyllum, 398, 418, 428
pratcricola, 428
Chess
downy, 415
hairy, 415
Chestnut
American, 277
Chinese, 277
European, 277
Chickweed
common mouse-ear, 428
nodding mouse-ear, 428; see also Cerastium
nutans
Chinquapin, bush, 277
Chrysopsis
camporum, 439
villosa, 423, 439
Chub, creek. 237
Chubsucker, creek, 237
Cinquefoil
common, 429 ; see also Potentilla simplex
old-field, 429; sec also Potentilla simplex
tall. 429; sec also Potentilla arguta
Cistaceae, 420. 433
Cleavers. 438
ClifT-brake, purple, 415; see also Pcllaea atro-
purpurea
Clover
Korean. 431 ; see also Lcspcdeza stipulacea
white sweet. 431; see also Mclilotus alba
yellow sweet, 431
Cockspur-thorn, 429 ; see also Crataegus crus-
galli
Coffee, wild. 438
Collembola (associated with oak wilt). 297,
305-7, 310, 320; see also Springtail
Colopterus (associated with oak wilt)
semitectus, 297. 305-6
truncatus, 297, 305-6, 308
Columbine, wild. 429
Colydiidae (associated with oak wilt), 305-6
Comandra
richardsiana, 428
umbcllata, 402, 418, 428
Commelinaceae, 417, 426
Compass-plant, 440; see also Silphium lacinia-
tum
Compositae, 423, 438, 441, 443
Coneflower, 440; sec also Rudbeckia missouri-
ensis
pale, 439 ; see also Echinacea pallida
prairie, 440; see also Ratibida pinnata
Coproporus ventr'cuius (associated with oak
wilt). 305-6
Coreopsis
crassifolia, 439
lanceolata, 393, 423, 439
lanccolata var. villosa, 423, 439
palmata, 402, 423, 439
tripteris, 439
Coreopsis
finger, 439; see also Coreopsis palmata
lance, 439; see also Coreopsis lanceolata
tall, 439
Corn, 227, 331
Corn-speedwell, 437
Cornus
drummondi, 397, 402, 405, 434
florida, 413, 434
Corydalis, 429; sec also Corydalis montana
Corydalis
aurca var. occidcntalis, 429
montana, 419, 429
Corylus amcricana, 427
Cottonwood, eastern, 427
Cow-cress, 429
Crab, wild, 429 ; see also Malus ioensis
Crabapple, Iowa, 429; see also Malus ioensis
Cranesbill, 431 ; sec also Geranium carolini-
anum
Crappie, 329. 344. 347, 359-61, 365
black, 217, 329, 332, 339, 341, 343-50. 352-3,
358-9. 361. 365
white, 217, 329. 332, 339, 341, 343-50, 352-3,
358-9. 361, 365
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Crataegus
crus-galli, 405, 429
engclmanni, 429
mollis, 429
spp., 413
Crayfish. 250, 261, 267, 271, 331
Croaker, 329
Cross-vine, 437
Crotalaria sagittalis, 419, 430
Croton
capitatus, 420, 432
glandulosus, 420; see Emendations, refer-
ence for p. 420
glandulosus var. septentrionalis, 420 (see
Emendations, reference for p. 420),
432
monanthogymus, 420, 432
Croton, sand, 432 ; see Croton glandulosus var.
septentrionalis in Emendations, ref-
erence for p. 420
Crownbeard, 441
white, 441
Cruciferae, 419, 429
Crustacean (associated with oak wilt), 310, 320
Cucujidae (associated with oak wilt), 305-6
Culver's-root, 437; see also J'eronicastrum
lirginicum
Cunila origanoides, 436
Curculionidae (associated with oak wilt), 305-6
Curvularia, sp., 489
Cutgrass, rice, 229
Cycleptus elongatus, 328 ; see also Blackhorse ;
Bluefish ; Sucker, blue, gourdseed, and
Missouri
Cynaeus angustus (associated with oak wilt),
305-6
Cyperaceae, 417, 426
Cyperus filiculmis, 417, 426
Cyperus, slender, 426; see also Cyperus fili-
culmis
Cypress, cemetery, 432
Cyprinus carpio, 237, 328; see also Carp;
Carp, European and CJerman
D
Daisy-fleabane, 439; see also Erigeron annuus
Danthonia spicata, 425
Daphnia, 263
Dasistoma macrophylla, 437
Daucus carota, 433
Delphinium
carolinianum, 398
carolinianum var. crispum, 419, 429
Desmanthus illinoensis, 405, 419, 430
Desmodium
canadensc, 419, 430
ciliare, 378-80, 383, 387-90, 419, 430
dillenii, 419, 430
illinoensis, 419, 430
paniculatum, 430
scssilifolium, 419, 430
Devices, commercial fishing, 325-65
Devices, fishing, 326, 329
angling, 329, 330-1
encompassment, 329, 331-3
entanglement, 329, 353-64
entrapment, 329, 333-53, 365
Dewberry, 430
Diodia teres, 423, 437
Diospyros I'irginiana, 435
Diplogaster (associated with oak wilt), 310
Dodecatlieon meadia, 421, 43 5
Dogbane, 435; see also Apocynum sibiricum
hemp, 435 ; see also Apocynum cannabinum
Dogfish, 328
Dogwood, 434; see also Cornus drtimmondi
flowering, 434: see also Cornus florida
Dorosoma cepedianum, 328 ; see also Shad,
gizzard and hickory
Draba reptans. 393, 419, 429
Dragonhead, false, 436; see also Physostcgia
virginiana
Dropseed, 426; see also Sporobolus
prairie, 426; see also Sporobolus hcterolep-
sis
sand, 426 ; see also Sporobolus cryptandrus
Drosophila melanogaster, 306-7; see also Fly,
pomace
Drum, freshwater, 329-30, 332-3, 339-40, 343-
53, 355, 357-8, 362-3, 365
Earthworm, 267
Ebenaceae, 435
Echinacea, 401
pallida, 393, 423, 439
Eel
American, 328, 340
freshwater, 328
Elater (associated with oak wilt), 305-6
Elateridae (associated with oak wilt), 305-6
Elm
slippery, 428
winged, 428
Elodea, 228, 229
Elymus
canadensis, 387, 416, 425
zirginicus, 228, 416, 425
Endoconidiophora fagacearum, 277-323
;
[see
Emendations, reference for p. 287)
Entomostraca, 229
Epuraea (associated with oak wilt)
terminalis, 305-6
umbrosa, 305-6
Equi?etaceae, ^15-6
Equisetum sp., 228
hyemale, 415-6
kansanum, 415
lae-vigatum, 415-6
Eragrostis
rapillaris. 417, 425
cilianensis, 400, 425
spectabilis, 3C8-9, 417, 425
Ericymba buccata, 237; see also Minnow, sil-
ver jaw
Erigeron
annuus, 423, 439
canadensis, 405, 423, 439
divaricatus, 423, 439
strigosus. 388, 392-3, 423, 439, 442
Erimyzon oblongus, 237; see also Chubsucker,
creek
Esox
lucius, 328 ; see also Northern ; Pickerel
;
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Esox—continurd
Pike; Pike, great northern and north-
ern
vrrm'uulatus, 328; sn- also Pickerel, grass,
little, and mud ; Pike, grass
Euf>atorium altissimnm. 387. 392, 423, 439
Euphorbia
coroUata, 378-9, 383, 387-9, 392, 420, 432,
442
cyparissias, 432
drntata, 432
glyptospfrma, 432
maciilnia, 432
nhtusata, 432
siipina, 432
Kuphorliiaceae, 420, 432
Eupsalis m'tnuta (associated with oak wilt),
305-6
Everlasting, sweet, 440; sec also Gnaphalium
obtusifolium
Fagaceae, 428
False-indigo, prairie, 430
Farkleberry, 434; sec also J'accinium arborcum
Fescue, six-weeks, 425; see also Festuca octo-
flora
Festuca octoflora, 393, 417, 425
Fiddler, 328
Figwort, 437
Flax, 431 ; see also Linum sulcatum
Fleabane, 439; sec also Erigeron
daisy, 439; sec also Erigeron annuus
spreading, 439; see also Erigeron divaricatus
Flier, 329, 341
Float [or jug], 330, 354, 356, 361-2, 365
trammel net, 358, 362-3, 365
Fly (associated with oak wilt), 279
Fly, pomace, 306
Forget-me-not, 43 5; see also Myosotis verna
Foxglove
false, 437
mullein, 437
Foxtail
green, 425; see also Setaria viridis
yellow, 425
Fragaria virginiana, 419, 429
Fraxinus
americana, 43 5
nigra, 435
Frostweed, 433 ; sec also Helianthemum bick-
nellii
Fumariaceae, 419, 429
Fungus (associated with oak wilt), 278, 285,
291, 296, 304, 309-10, 317-20
Fusarium, 447-500
cabbage, 464
celery, 464
gladiolus, 447-500
muskmelon, 464, 497
tomato, 464, 473, 479
Fusarium disease of gladiolus, 447-500
Fusarium
euoxysporum, 461
fiUferum, 461
fructigenum, 469, 496
lini. 470
martii phaseoli, 470
moniliforme, 461
ni-veum, 499
orthoceras, 459-61
var. gladioli, 452, 470
var. longius, 461
var. triseptatum, 460
oxysporum, 453, 459-61
f. gladioli, 452-3
in Tochinai liquid, 473-8
influence of temperature on, 455-8
morphology of, 479-81
on Coons's agar, 455-67
on steamed rice, 455, 468-9
on Wellman's agar, 470-3, 479-81
pathogenicity of, 481-6
reaction to brilliant green, 458, 460-3
reaction to copper chloride, 466-7
reaction to copper sulfate, 464—7
reaction to crystal violet, 458-61
reaction to malachite green, 458-9
reaction to mercuric chloride, 455, 467-9
variations in culture types, 469-73
f. tracheipliilum, 471
var. gladioli, 452-3
vasinfectum, 470, 496
Fusarium yellows, 451
cabbage, 464
celery, 464, 469
muskmelon, 464, 497
tomato, 464, 473, 479
Galactia volubilis, 419, 430
Galium
aparinc, 438
circaezans, 438
pilosum, 438
•virgatum, 409
Gar, 332, 355, 360, 363
alligator, 328, 341
billy, 328
duckbill, 328
longnose, 328, 332, 341, 358-9, 363
Mississippi alligator, 328
northern longnose, 329
shortnose, 328-9, 332, 341, 343-4, 358-9, 363,
365
spotted, 329
Garlic
false, 427 ; see also Nothoscordum bivalve
field, 427
wild, 426
Garpike, 328
Gaspergou, 329
CJaura, biennial, 433 ; see also Gaura biennis
Gaura biennis, 421, 433
Gay-feather, 440; see also Liatris aspcra
Gentian
rose, 435; see also Sabatia angularis
stiff, 435
Gentiana quinquefoUa, 435
Gentianaceae, 421, 435
Geraniaceae, 420, 431
Geranium carolinianum, 405, 420, 431
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Gerardia, 437; sff also Gcrardla
Gerardia, 388-9
aspera, 388-9, 422, 437
gatUngeri, 387-9. 422, 437
grandiflora, 437
skinneriana, 422, 437
sp., 378-9, 383, 387
tcnuifolia, 437
Gibberella saubinetii, 469
Gladiolus disease; see Fusarium disease of
gladiolus
Gleditsia triacanthos, 430 ; see also Locust,
honey
Glischrochilus (associated with oak wilt), 297,
305-6
obtusus, 297, 305-9
sanguinolentus, 297, 305-6
Gnaphalium obtusifolium, 423, 440
Goarhead, 328
Goat's-beard, 441
Goat's-rue, 431 ; sec also Tcphrosia virgin'iana
Goggle-eye, 329
Goldenrod
Drummond's, 440 ; see also Solidago drum-
mo ndii
elm-leaved, 441
field, 441 ; see also Solidago nemoralis
prairie, 440 ; see also Solidago missouriensis
var. fasciculata in Emendations, ref-
erence for p. 424
rigid, 441 ; see also Solidago rigida
rough, 441 ; see also Solidago radiila
showy, 441 ; see also Solidago speciosa
tall, 440; see also Solidago altissima
Goldeye, 328, 332, 341, 358-9, 363
Goldfish, 231
Gooseberry, 429
Goosefoot, narrow-leaved, 428 ; see also Chcn-
opodium Ifptophyllum
Goujon, 328
Grama
hairy, 415 ; see also Bouteloua hirsuta
side-oats, 415; see also Bouteloua curtipen-
dula
Gramineae, 415-6
Grape, 414, 433 ; see also I'itis spp.
Graphium (associated with oak wilt), 285, 310
Grass
blue-eyed, 427; see also Sisyrinchium albi-
dum
Indian, 426; see also Sorghastrum nutans
panic, 425 ; see also Panicum
porcupine, 426 ; sec also Stipa spartca
spike, 426
three-awned, 415; see also Aristida longc-
spica
Grasshopper, 267, 331
Greaser, 328
Greenbrier
common, 427
fringed, 427
Grindle, 328
Gromwell, 435; see also Lithospermum can-
escens
false, 435 ; sec also Onosmodium occidentalis
narrow-leaved, 435; sec also Lithospermum
incisum
Ground-cherry, 436 ; see also Physalis
Virginia, 437; see also Physalis virginiana
H
Hackleback, 328, 362
Haw, red, 429
Hawthorn, 429
Hazel, American, 427
Hearts, blue, 437; sec also Buchncra ameri-
cana
Hedeoma
hispida, 378, 383. 389, 393, 421, 436
putegioidcs, 436
Hedge-parsley, 434
Hclianthemum hicknellii, 420, 433
Hclianthus
divaricatus, 387, 413, 440
lactiflorus var. rigidus, 440
mollis, 424, 440
occidentalis, 424, 440
rigidus, 424, 440
strumosus, 424, 440
Heliopsis
helianthoides, 440
hclianthoides var. scabra, 424, 440
Heliopsis, sunflower, 440; sec also Heliopsis
helianthoides var. scabra
Hcliotropium tcnellum, 409
Hellgrammite. 267
Hemp
common, 428
Indian, 435; see also Apocynum cannabinum
Herring
blue, 328
river, 328
toothed, 328
Heuchera richardsonii, 419, 429
Hcxalcctris spicata, 412
Hickory, 412-3 ; see also Carya
black, 427 ; sec also Carya texana
Buckley's, 427; sec also Carya texana
Hill prairies, 367-446
Hiodon tergisus, 328 ; see also Herring,
toothed; Mooneye; Shad, white
Histeridae (associated with oak wilt), 305-6,
310, 320
Hogwort, 432 ; see also Croton capitatus
Holly, swamp, 432
Hoosier, 328
Hop-hornbeam, 397
American, 428 ; sec also Ostrya virginiana
Hordcum pusillum, 417, 425
Horse-gentian, 438
Horse-nettle, 437
Horsetail, 228, 435; see also Asclepias verti-
cillata
Horse-weed, 439; see also Erigcron canadensis
Houstonia, 393
lanceolata, 423, 438
longifoUa, 423, 438
nigricans, 378-80, 383, 387-90, 393, 401, 414,
423, 438
Huckleberry, tree, 434; see also I'accinium ar-
boreum
Hyacinth, wild, 427; see also Camassia scil-
lo ides
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Hyborhyni litis notatus, 237 ; srr also Minnow,
bluiitnose
Hypericaccae, 420, 433
Hyprriiiim
perforatum, 433
piini latum, 420, 433
sphafrocarpum, 420, 433
litalurus
funatus, 328 ; sre also Boater, coal ; Cat,
chiicklehead, Fulton, and Mississippi;
Catfish, blue
lacustris, 328 ; ser also Cat, channel and
spotted; Catfish; Catfish, channel;
Fiddler
htinhus
buhalus, 328; srr also Buffalo, channel,
humpback, liner, quillback, razorback,
roachback, and fmallmouth
nigrr, 237, 328; sec also Bulfalo, black, blue,
mongrel, round, and sheepshead ; Bu-
gler ; Reefer; Rooter
Ilex decidua, 432
Illinois-mimosa, 430; see also Desmanthus illi-
nornsis
Indian-plantain, pale, 439; sec also Cacalia
atriplicifolia
Indigo, wild, 430
Insect (associated with oak wilt), 279-80, 284,
297, 306, 308, 310, 319
nymph, aquatic, 250
Iridaceae, 418, 427
Ironweed, 441 ; sec also lernonia
Isanthus brachiatus, 421, 436
Ivy, poison, 432
Jack. 329
Jack, black, 428
Jug [or float], 330
Juglandaceae, 427
Juglans nigra, 413, 427
Juncaceae, 418, 426
Juncus
dudleyi, 418, 426
interior, 418, 426
macer, 426
tenuis, 426
Junegrass, 425; see also Koelcria cristata
Juniperus virginiana, 378, 383, 387, 389, 396-7,
409-10, 413, 415; sec also Cedar, red
K
Knotweed, slender, 428 ; see also Polygonum
tenue
Koelcria cristata, 393, 417, 425
Kuhnia eupatorioides, 387-9, 392, 424, 440, 442
Labiatae, 421, 436
Lacegrass, 425 ; sec also Eragrostis capillaris
Lactuca
canadensis, 424, 440
scariola, 440
Ladies'-tresses, nodding, 427; see also Spiran-
thes cernua
Lappula echinata. 405, 435
Larkspur, blue, 429; see also Delphinium caro-
linianum var. erispum
Lauraceae, 429
Leadplant, 430; sec also Amorpha canescens
Lechea
leggettii, 433
Strid a, 420, 433
•villosa, 433
Lecidea. 3''4, 386, 441 ; see also Lichen
decipiens, 414
dcmissa, 414
sp., 387
spp., 379, 383, 388-9, 414, 416
Lecideaceae, 414, 416
Lecrsia oryzoides, 229
Leguminosae, 419, 430
Lepibema chrysops, 329 ; sec also Bass, silver,
striped, and white; Streaker
Lepidium
campestre, 429
densifiorum, 429
virginicum, 419, 429
Lepisosteus
osscus, 328 ; see also Billfish ; Gar, billy and
longnose ; Garpike
osscus oxyurus, 329 ; see also Gar, northern
longnose
platostomus, 328; see also Gar, duckbill and
shortnose
productus, 329; see also Gar, spotted
spatula, 328 ; see also Gar, alligator and
Mississippi alligator
Lepomis
cyanellus, 237, 329; sec also Perch, black;
Sunfish, green
/lumilis, 329; see also Sunfish, orange spotted
macrochirus, 217, 329; see also Bluegill
;
Bream ; Sunfish
macrochirus macrochirus, 329; see also Blue-
gill, common
megalotis, 237; sec also Sunfish, longear
Leptoloma cognatum, 417, 425
Lespedeza
capitata, 373-9, 383, 387-9, 392, 404, 419, 430
hirta, 430
intermedia, 419, 430
procumbens, 430
repens, 431
simulata, 419, 431
stipulacea, 378, 383, 386-7, 389, 400, 414,
431
violacea, 431
lirginica, 419, 431
Lespedeza, 430, 431; see also Lespedeza stipu-
lacea
Lettuce
prickly, 440
wild, 440 ; see also Lactuca canadensis
Liatris
aspera, 393, 424, 440
cylindracea, 424, 440
scabra, 424, 440
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Lichen, 394, 414, 441 ; src also Lecidea
Licorice, wild, 438
Liliaceae, 418, 426
Linaceae, 419, 431
Line
throw, 330
trot, 326-7, 329, 330-1, 362, 365
Linum sulcatum, 378, 383, 389, 392-3, 419, 431,
443
Lip-fern, woolly, 415; see also Clieilanthcs la-
nosa
Litargus scxpunctatus (associated with oak
wilt), 305-6
Lithocarpus dcnsiflorus, 277
Lithospermum
cancsccns, 393, 40^, 421, 435
croeeiim, 421, 435
incisum, 392-3, 421, 43 5, 443
Liverwort, 414, 441 ; sec also Rehoulia hemis-
phaer'ica
Loasaceae, 421, 433
LohcVia
Icptosiachys, 438
spicata, 423, 438
spicata var. leptostacliys, 423, 433
I obelia
pale-spike, 438 ; see also Lobelia spicata
spiked, 438; see also Lobelia spicata
Lobeliaceae, 423, 438
Locust
black, 431
honey, 402, 430
Looking-glass, Venus's, 438; see also Spccu-
laria pcrfoliata
Lousewort, common, 437
I ovegrass, purple, 425 ; sec also Eragrostis
spcctabilis
Lyctocoris stalii (associated with oak wilt),
305-6
M
Madura pomifera, AlZ
Malus ioensis, 402, 405, 429
Marbleseed, 435; see also Onosmodium occi-
dentalis
Marchantiaceae, 414, 416
Medic, black, 431 ; see also Medicago lupulina
Medicago lupulina. 402, 431
Megastomatobus cyprinclla, 328; see also Buf-
falo, biginouth, brown, bullhead, bull-
mouth, bullnose, redmouth, roundhead,
slough, stubnose, and trumpet; Goar-
head
Melic, three-flower, 425; see also Melica nitens
Melica nitens, 405, 417, 425
Melilotus, 401
alba, 388, 392-3, 398, 400, 402, 419, 431
officinalis, 431
Mentzelia, few-seeded, 433; see also Mentzelia
oligospcrma
Mentzelia oligosperma, 399, 414, 421, 433-4,
441, 443
Mercury, three-seeded, 432 ; see also Acalyplia
graclens
Micropterus ; see also Bass
dolomieu, 329; see also Bass, smallmouth and
smalimouth black; Smallmouth
dolomieu dolomieu, 329; see also Bass,
northern smallmouth
punctulatus, 329; see also Bass, Kentucky,
spotted, and spotted black
punctulatus punctulatus, 329 ; see also Bass,
northern spotted
salmoides, 217-75, 329; see also Bass big-
mouth, black, green, largemouth, and
largemouth black
Midge, 226
Milk-pea, 430; see also Galactia volubilis
Milk-purslane, 432; see also Chamaesyce su-
pina and Euphorbia supina
Milk-vetch, 430; see also Astragalus canaden-
sis and A. distortus
Milkweed, 435; see aho Asclcpias
green, 43 5; see also Asclepias stcnophyllxi
and A. viridiflora
whorled, 435; see also Asclepias verticillata
Milkwort, 432; see also Polygala incarnata
Minnow, 231, 239, 244, 267, 331
bluntnose, 237
silverjaw, 237
Mint, 436
mountain, 436; sec also Pycnanthcmum pilo-
sum
stone, 436
wood, 436
Minytrema melanops, 328 ; sec also Sucker,
spotted and striped
Mirabilis nyctaginea. 418, 428
Mite (associated with oak wilt), 279, 308, 310,
320
Molamba (associated with oak wilt)
fasciata, 305-6
ornata, 305-6
Monarda
bradburiana, 422, 436
fistulosa, 422, 436
punctata, 422, 436
Monarthrum (associated with oak wilt)
fasciatum, 297, 305-6; see also Beetle, am-
brosia
mali, 297, 305-6 ; see also Beetle, ambrosia
Mooneye, 328, 332, 341
Moraceae, 428
Moronc interrupta, 329; see also Barfish ; Bass,
yellow ; Streaker
Moss, 394, 414, 441
Moxostoma
anisurum, 328; see also Mullet, silver; Red-
horse, silver
aureolum, 328; see also Mullet; Plunger, Des
Moines; Redhorse, common and north-
ern
Mudcat, 328
Mudfish, 328
Muhlenbergia
capillaris, 425
c uspidata, 417, 425
raccmosa, 417, 425
Muhly, 425
plains, 425 ; see also Muhlenbergia cuspi-
data
Mullein, common, 437; sec also I'erbascum
thapsus
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Mullet. 328
silver, 328
Musci, 414
Mvcetophagidae (associated with oak wilt),
305-6
Myosotis verna, 421, 435
N
Naiad, 228
Najas flfxilis, 228; see also Naiad
Srctrla sanguinea, 496
Nematode (associated with oak wilt), 310, 317,
320
S'epcla cataria, 436
Net, 326. 342. 353-5, 360-1, 364-5
bait, 334
buffalo, 333-4
dip, 331
fiddler. 333-4
fvke, 333-4
hoop. 326-7, 329, 333-7, 340, 346-7, 349-53,
362. 365
trammel. 326, 329, 353-65
trap, 326, 333, 337-8. 347, 353, 365
wing, 326-7, 333, 336-8, 340, 342-53, 360,
364-5
Newlight. 329
Nitidulidae (associated with oak wilt), 297,
305-6, 307-8, 310, 319-20
Northern, 328
Notemiffonus
crysoleucas, 328 ; sec also Bream, American
;
Roach ; Shiner, golden
crysoleucas auratiis, 329 ; sec also Shiner,
western golden
Nothoscordum hivalvc, 413, 418, 427
Nyctaginaceae, 418, 428
Nymph, aquatic insect, 250
O
Oak, 397, 406
black (as timber), 277, 428; (oak wilt of),
280-1, 311
bur (oak wilt of), 280, 311; (as timber),
428
chinquapin, 428; sec also Qucrcus muhlcn-
bergii
northern red (as timber), 277
poison, 432
post, 428 ; see also Quercus stellata
red (oak wilt of), 2C0-1, 311
tanbark, 277
white (as timber), 277, 412, 428; (oak wilt
of), 280, 311, 318; see also Quercus
alha
vellow, 428; sec also Qucrcus muhlenbergii
Oak wilt, 277-323
Oat-grass, poverty, 425
Oenothera
biennis, 421, 433
laciniata, 421, 433
Oleaceae, 435
Onagraceae, 421, 433
Onion, wild, 427; see also Allium stellatum
Onosmodium occidentalis, 404, 421, 435
Opuntia, 384, 386
humifusa, 433
rafincsr/uii. 379, 383, 387-8, 421, 433
Orange, osage, 428
Orchid, 412
Orchidaceae, 418, 427
Orthoperidae (associated with oak wilt),
305-6, 308 (see Emendations, refer-
ence for p. 308)
Ostomidae (associated with oak wilt), 305-6
Ostrya virginiana, 413, 428
Oxalidaceae, 420, 431
Oxalis
stricta, 420, 431
violacea, 392-3, 420, 431
Paddlefish, 328-9, 332-3, 340
Pandeletei'us hilaris (associated with oak
wilt), 305-6
Panicum, 425; see also Panicum
Panicum
capillare, 417, 425
dichotomum, 417, 425
huachucae, 417, 425
lanuginosum var. fasciculatum, 425
linearifolium, 417, 425
oligosanthes var. scribnerianum, 425
scribnerianum, 388-9, 392-3, 417, 425
sphaerocarpon, 417, 425
tennesseense, 417, 425
virgatum, 397, 417, 425
Pansy
field, 433 ; see also Viola rafinesguii
wild, 433 ; see also Fiola rafinesguii
Parcoblatta (associated with oak wilt), 305-6
Paromalus histriatus (associated with oak
wilt), 305-6
Partridge-pea, 430 ; see also Cassia fasciculata
Paspalum stramineum, 417, 425
Pear, prickly, 433 ; see also Opuntia rafinesguii
Pedicularis canadensis, 437
Pellaea atropurpurea, 415-6
Pencil-flower, 431; see also Stylosanthes bi-
flora
Pcnicillium (associated with oak wilt), 285
sp., 489
Pennyroyal
American, 436
false, 436; see also Isanthus brachiatus
rough, 436; see also Hedcoma hispida
Penstemon, 437; see also Penstemon pallidus^
Penstcmon pallidus, 392-3, 422, 437, 442
Peppergrass
common, 429 ; sec also Lepidium virginicum
field, 429
Perch, 329
black, 329
grunting, 329
white, 329
Persimmon, 435
Petalostemum
candidum, 393, 398, 419, 431, 443
purpureum, 378-80, 383, 388-9, 392-3, 402,
419, 431, 442
Philontlius lactulus (associated with oak wilt),
305-6
1953-1955 Index 515
Phlox
bifida, 421, 435
pilosa, 421, 43 5
Phlox
downy, 435 ; see also Phlox pilosa
sand, 435 ; see also Phlox bifida
Physalis
heterophylla, 422, 436
pubescens, 422, 436
virginiana, 422, 437
Physostegia
angiistifolia, 436
virginiana, 422, 436
Pickerel, 328
grass, 328, 340
little, 328
mud, 328
Pike, 328. 340
grass, 328
great northern, 328
northern, 328
Pikeperch, yellow, 329
Pilodictis olivaris, 328; see also Belly, flat;
Cat, Johnny, Morgan, shovelnose, and
yellow; Catfish, flathead; Goujon;
Hoosier; Mudcat
Pimpernel, yellow, 433 ; see also Taenidia in-
tegerrima
Pinaceae, 415
Pinus echinata, 413
Pinweed, 433
Plankton, 220, 223, 229
Plant, marsh, 228
Plantaginaceae, 422, 437
Plantago
aristata, 422, 437
purshii, 422, 437, 441
rugelii, 423, 437
virginica, 423, 437
Plantain, 437; see also Plantago
bracted, 437; see also Plantago aristata
hoary, 437; see also Plantago virginica
Plants, prairie, 406
Platydema ruficorne (associated with oak
wilt), 305-6
Platysoma lecontei (associated with oak wilt),
305-6
Plum, wild, 429
Plunger, Des Moines, 328
Poa
compressa, 425
pratensis, 388-9, 392-3, 397, 399, 401, 403,
417, 425
Poinsettia dentat a, 402, 420, 432
Polemoniaceae, 421, 435
Polygala
incarnata, 420, 432
verticillata, 378, 383, 389, 420, 432
Polygalaceae, 420, 432
Polygonaceae, 418, 428
Polygonum tenue, 418, 428
Polyodon spathula, 328 ; see also Cat, spoon-
bill ; Paddlefish ; Spoony
Polypodiaceae, 415-6
Polytaenia nuttatlii, 402, 421, 433, 441
Pomolobus chrysochloris, 328; see also Herring,
blue and river; Shad, golden; Skip-
jack
Pomoxis
annularis, 329; see also Crappie ; Crappie,
white; Newlight
nigro-tnaculatus, 329; see also Bass, calico
and strawberry; Crappie, black
Pondweed, 254
fennelleaf, 228
leafy, 228 ; see also Potamogeton foliosus
sago, 228
Populus
delto ides, 427
grandidentata, 427
tremuloides, 396, 427
Porcetlio rathkei (associated with oak wilt),
310
Possumhaw, 432
Potamogeton, fine-leaved, 228
Potamogeton
foliosus, 228, 254
nodosus, 228
pectinatus, 228
Potato, duck, 228
Potentilla
arguta, 419, 429
simplex, 419, 429
Prairie-clover
purple, 431 ; see also Petalostemum purpur-
eum
white, 431 ; see also Petalostemum candidum
Prairie-mimosa, 430; see also Desmanthus illi-
noensis
Prairie-parsley, 433 ; see also Polytaenia nut-
tallii
Prairie-tea, 432; see also Croton monanthogy-
mus
Primrose
common evening, 433 ; see also Oenothera bi-
ennis
evening, 433; see also Oenothera laciniata
Primulaceae, 421, 435
Pristodactyla impunctata (associated with oak
wilt), 305-6
Prunella vulgaris, 436
Prunus
americana var. lanata, 429
lanata, 429
Psoralea, 401
tenuiftora. 392-3, 398, 401-4, 409, 414, 419,
431, 441, 443
Psoralea, many-flowered, 431; see also Psora-
lea tenuiftora
Ptelea trifoliata, 431
Purpletop, 426 ; see also Tridens ftavus
Purslane-speedwell, 437; see also Veronica
peregrina
Pussytoes, 438; see also Antennaria neglecta
Pycnanthemum
flexuosum, 436
pilosum, 422, 436
virginianum, 436
Pyrus ioensis, 429
Quercus
alba (oak wilt of), 280; 428
borealis (oak wilt of), 280
macrocarpa (oak wilt of), 280; 428
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Quercus—continued
marilandua, 428
montana, 413
miihlenbcrgii. 397, 410, 413, 428
stellata. 413, 428
I'tlutina (oak wilt of), 280; 423
Quillback, 328
missnuriensis, 414, 423, 440-1, 443
serotina, 423, 440
Riiellia, hairy, 437; see also Rncllia humilis
Ruellia humilis. 388-9, 392, 422, 437
Rush, 426 ; sec also Junius dudleyi
Rutaceae, 431
Ragweed
common, 438; see also Ambrosia elatior
giant, 438; sre also Amino iti tii'da
west rn, 438; sei- also Ambrosia coronopi-
folia
Ragwort, 440; see also Senecio pauperculus
prairie, 440 (see Emendations, reference for
p. 4-f-O) ; see also Senecio plattensis
Raiuinculaceae, 418, 428
Ranunculus fascicularis, 419, 429
Raspberry, black, 430
Ratibida pinnata, 424, 440
Rattlebox, 430; see also Crotalaria sagittalis
Reboulia hemisphaerica, 414, 416
Redbud, 430; see also Cercis canadensis
Redhorse. 340, 358
common, 328
northern, 328
silver, 328
Reefer. 328
Rhamnaceae, 420, 432
Rhizophagidae (associated with oak wilt),
305-6
Rhizophagus bipunctatus (associated with oak
wilt), 305-6
Rhus
aromatica, 388-9, 393, 420, 432
aromatica var. arenaria, 420, 432
copallina. 388-9, 420, 432
glabra, 392, 396, 39C-9, 401, 405-6, 420, 432
radicans, 432
Ribes missoiiriense, 429
Roach, 328
Rohinia pseudo-acacia, 431
Rock-cress, 429
Rodent (associated with oak wilt), 280, 310
Rooter, 328
Rosa
arkansana var. suffulta, 430
Carolina, 419, 429
setigera, 430
suffulta, 419, 430
Rosaceae, 419, 429
Rose, 430; see also Rosa
climbing, 430
pasture, 429 ; see also Rosa Carolina
Rose-pink, 435; see also Sabatia angularis
Rosinweed, 440; see also Silphium integrifo-
lium
Rotifers, 229
Rubiaceae, 423, 437
Rubus
fiagellaris, 430
frondosus, 430
occidentalis, 430
Rudbeckia
hirta, 440
Sabatia angularis, 421, 435
Sage, blue, 436 ; see also Salvia pitcheri
Sagittaria
latifolia, 228
spp., 228
Salicaceae, 418, 427
Salix
humilis, 393, 418, 427
interior, 228
Salmon, jack, 329
Salvia
azurea var. grandifiora, 436
pitcheri, 422, 436, 441
Sandpike, 329
Santalaceae, 418, 428
Saponaria officinalis, 428
Sassafras, 412-3, 429; see also Sassafras albi-
dum
Sassafras albidum, 405, 413, 429
Sauger, 329, 332, 340, 358, 362-4
eastern, 329
Saxifragaceae, 419, 429
Scaphirhynchus platorynchus, 328 ; see also
Hackleback; Sturgeon, sand and shov-
elnose; Switchtail
Scirpus atrovirens, 228
Scolytidae (associated with oak wilt), 305-6,
309, 318
Scouring-rush
smooth, 415; see also Equisetum
tall, 415; see also Equisetum
Scrophularia marilandica, 437
Scrophulariaceae, 422, 437
Scutellaria
leonardi, 422, 436
ovata, 422, 436
parvula, 422, 436
parvula var. leonardi, 436
Sedge, 228, 426; see also Carex
Seine, 326, 329, 331-3, 364-5
Selaginella, rock, 414; see also Selaginella
rupestris
Selaginella rupestris, 401, 414, 416
Selaginellaceae, 414, 416
Selfheal, 436
Semotilus atromaculatus, 111 \ see also Chub,
creek
Senecio
pauperculus, 424, 440
plattensis, 378, 383, 387-9, 393, 404-5, 423,
440 (see Emendations, reference for
p. 440)
Serviceberry, 429
Setaria
glauca, 425
lutescens, 425
'-iridis, 405, 425
Srymeria macrophylla, 437
1953-1955 Index 517
Shad
gizzard, 328, 332, 341, 347, 358-9, 365
golden, 328
hickory, 328
white, 328
Sheepshead, 329
Shiner
golden, 328, 341
western golden, 329
Shrimp, canned, 267
Side, line, 329
Silene ant'irrhina, 418, 428
Silphium
integrifolium, 407, 424, 440
laciniatum, 402, 424, 440
terebinthinaceum, 424, 440
SUvanus b'ldrntatus (associated with oak
wilt), 305-6
Sisyrinchium
albidum, 387-8, 418, 427
campestre, 403, 418, 427
Skipjack, 328, 341
Skullcap, 436 ; see also Scutellaria
Smallmouth, 329
Smartweed, 229
S milax
bona-nox, 427
hispida, 427
rotundifolia, 427
tamnoides var. hispida, 427
Solanaceae, 422, 436
Solanum carolinense, 437
Solidago
altissima, 424, 440
canadensis, 424, 440
drummondii, 424, 440-1
glaberrima, 440
missouriensis, 424 (see Emendations, refer-
ence for p. 424)
missouriensis var. fasciculata, 424 (see
Emendations, reference for p. 424), 440
nemoraiis, 37ii-S0, 383-4, 387-90, 392-3, 413,
424, 441
petiolaris, 441
radiila, 424, 441
rigida, 424, 441
speciosa, 424, 441
IIImifolia, 441
Sorgliastrum, 399
nutans, 375, 393, 397-9, 417, 426, 441-2
Soybean, 227
Specularia perfoliata, 423, 438
Spermolepis inermis, 421, 433
Sphenopholis obtusata, 417, 426
Spiderwort, 426 ; see also Tradescantia
Spiranthcs, 393
cernua, 402-3, 418, 427
Spoony, 328
Sporobolus
asper, 405, 417, 426
cryptandrus, 417, 426
heterolepsis, 417, 426
neglectus, 417, 426
vaginifiorus, 417, 426
Springtail (associated with oak wilt), 297
Spurge
cypress, 432
flowering, 432; see also Euphorbia corollata
nodding, 432; see also Chamaesyce maculata
Squirrel (associated with oak wilt), 308, 310,
318-9
Staphylinid (associated with oak wilt),
305-6
Staphylinidae (associated with oak wilt),
305-6, 310, 320
Star, shooting, 435; see also Dodecatheon
meadia
Stickleaf, 433 ; see also Mentzelia oligosperma
Stickseed, European, 435; see also Lappula
echinata
Stinkgrass, 425 ; see also Eragrostis cilianensis
Stipa spartea, 396-7, 417, 426
Stizostedion
canadense, 328; see also Salmon, jack; Sand-
pike; Sanger
canadense canadense, 329; see also Sanger,
eastern
vitreum vitreum, 129 \ see also Jack; Pike-
perch, yellow ; Salmon, jack ; Walleye ;
Walleye, yellow
St. John's-wort
common, 433
round-fruited, 433 ; see also Hypericum
sphaerocarpum
spotted, 433 ; see also Hypericum punctatum
Stoneroller, 237
Strawberry, 429 ; see also Fragaria virginiana
Streaker, 329
Strophostyles
hel'vola, 431
leiosperma, 431
Sturgeon, 363-4
sand, 328
shovelnose, 328-9, 340, 358, 362-3, 365
Stylosanthes bifiora, 419, 431
Sucker, 231, 332, 340, 358
blue, 328, 340, 363
common, 328
fine-scaled, 328
gourdseed, 328
highfin, 328
Missouri, 328
spotted, 328
striped, 328
white, 328-9
Sugarberry, 428
Sumac, 395, 398
dwarf, 432 ; see also Rhus copallina
fragrant, 432 ; see also Rhus aromatica and
Rhus aromatica var. arenaria
shining, 432; see also Rhus copallina
smooth, 432 ; see also Rhus glabra
Sunfish, 329, 361
green, 237-8, 240, 242-4, 248-9, 329, 340
longear, 237, 274
longfinned, 329
orangespotted, 329
round, 329
Sunflower, 440; see also Hclianthus
ashy, 440; see also Helianthus mollis
prairie, 440; see also Helianthus rigidus
Susan, black-eyed, 440 ; see also Rudbeckia
serotina
Switchgrass, 425 ; see also Panicum 'virgatnm
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Switchtail, 328
Symphoricarpos orhuulatns, 400, 438
Synchita parvula (associated with oak wilt),
305-6
Synthyris bullii, 401, 422, 437, 441
Tarhinus (associated with oaic wilt), 305-6
Taenidia, 433; Sfe also Taenidia integerrima
TatniJia intfi/frrtma, 421, 433
Tail, mule, 439; sef also Erigeron canadensis
Tea, New Jersey, 432; see also Ceanothus
americanus
Tenebrionidae (associated with oak wilt),
305-6
Tenebro'ides laticoUis (associated with oak
wilt), 305-6
Tephrosia virginiana, 413, 419, 431
Truerim eanadcnse, 436
Thimbleweed, 429; see also Anemone v'trg'tn-
iana
Thoroughwort, tall, 439; see also Eupatorium
altissimum
Tick-clover, 430; see also Desmodium cana-
dense
Illinois, 430; see also Desmodium illinoensis
sessile-leaved, 430; see also Desmodium ses-
silifoltum
Ticklegrass, 415; see also Agrostis hiemalis
Tickweed, 441
Torilis japonica, 434
Tradescantia, 393
eanaliculata, 426
ohiensis, 417, 426
virginiana, 417, 426
Tragopogon
dubius, 441
major, 441
pratensis, 441
Trap, basket, 326, 329, 333-7, 343-5, 347, 364-5
Trichocera (associated with oak wilt), 305-6
Trichoceridae (associated with oak wilt),
305-6
Trichoderma (associated with oak wilt), 285
Tridens flavus, 388, 398, 400, 417, 426
Triodia flava, 426
Triosteum perjoliatum, 438
Trout
cypress, 328
green, 329
Trumpet-creeper, 437
Typha latifolia, 228
U
Uleiota dubia (associated with oak wilt), 305-6
Ulmaceae, 428
Ulmus
alata, 428
rubra, 428
Umbelliferae, 421, 433
Umbrella-wort, 428; see also Mirabilis nycta-
ginea
Uniola, broadleaf, 426
Uniola latifolia, 426
Ustulina vulgaris, 279
laccinium
arboreum, 413, 434
vacillans, 434
Vegetation, aquatic, 222
I'rrhasium thapsus, 402-3, 437
I'erbena
bracteata, 436
canadensis, 421, 436
simplex, 421, 436
stricta, 392, 400, 421, 436, 442
Verbenaceae, 421, 436
I'erbesina
helianthoidcs, 441
virginica, 441
I'ernonia
baldivini, 424, 441
missuric a, 407, 424, 441
I'eronica
arvensis, 437
peregrina, 422, 437
I'eronicastrum virginicum, 422, 437
Vervain, 436; see also Verbena bracteata and
V. canadensis
hoary, 436 ; see also Verbena stricta
narrow-leaved, 436; see also Verbena sim-
plex
Viburnum rufidulum, 413, 438
Viola
kitaibeliana var. rafinesquii, 433
pedata, 421, 433
rafinesquii, 421, 433
Violaceae, 421, 433
Violet, bird-foot, 433 ; see also Viola pedata
Vitaceae, 433
Vitis spp., 414, 433
W
Wafer-ash, 431
Walleye, 329
yellow, 329, 332, 340
Walnut, black, 427; see also Juglans nigra
Warmouth, 217, 236-40, 242-4, 250, 273-4, 329.
341, 359
Wedgegrass, prairie, 426 ; see also Sphenopho-
lis obtusata
Whitetop, 439; see also Erigeron annuus
Whitlowcress, 429 ; see also Draba reptans
Wild-rye
Canada, 425; see also Elymus canadensis
Virginia, 228, 425; see also Elymus virgini-
cus
Willow
prairie, 427; see also Salix humilis
sandbar, 228
Witchgrass, 425 ; see also Panicum capillare
fall, 425 ; see also Leptoloma cognatum
Wood-betony, 437
Woodpecker (associated with oak wilt), 318
Wood-sage, 436
Wood-sorrel
upright yellow, 431; see also Oxalis stricta
violet, 431 ; see also Oxalis violacea
Worm, catalpa, 267
Wormwood, 438 ; see also Artemisia caudata
1953-1955 Index 519
Wulienia, 437 Y
Y Yarrow, 438 ; see also Achillea millefolium
Xantlioxylum americanum, 432
_
Z
Xyloterinus politus (associated with oak wilt),
297 305-6 Zizia aurea, 421, 434
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